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1.0 


INTRODUCTION 


The final report for the Digital Capacitance Measuring System, DCMS, 
(Contract NAS8-27657) consists of this report and the previously submitted 
Phase I Report 

The Phase I report established the design definitions to be utilized in the 
hardware phase of this contract. Major emphasis for these definitions 
was placed on the DCMS interface as applicable to existing requirements 
for the Space Shuttle Vehicle. 

This report covers the hardware phase of the contract with major emphasis 
on the resultant electrical design and its operation. The three units fabri- 
cated in this phase and their test results are covered. 



2.0 


GENERAL 


The modified DCMS-200 capacitance measuring system represents major 
design improvements both from system capabilities and circuit improve- 
ment.. The interfaces for the new system are governed mainly by Shuttle 
requirements . 

Two major additions to the system capabilities include the addition of six 
discrete (point sensor) capacitance measurements and a DC/DC converter. 

The six discrete capacitance measurements are performed similarly to the 
operation of the continuous system. A common oscillator is used for the 
bridge circuits for these measurements as well as the continuous bridge. 

While the digital output (3 bit word) for the discrete measurements is 
designed for operation in conjunction with the continuous system, the discrete 
measurements ran be operated independently using the six discrete outputs. 
These measurements could be used for example to quantize a capacitance 
measurement. 

The normal range of the discrete measurements has been designed for a 
capacitance between approximately 4. 5 and 9 pf. The threshold trip point 
can be set to within approximately 0. 5 pf of the upper or lower range limit. 
The range as well as the upper and lower range limit could be changed with 
available bridge excitation for the discrete measurements being the limiting 
factor. 

The internal DC/PC co’—erter operates from a nominal 28 VDC +15% bus. 

The converter provides the necessary isolation from the power bus as well 
as the required regulated secondary voltages. The converter design enables 
the DCMS unit to meet EMI flight requirements. The converter operates at 



a nominal frequency of 125 kHz. Any converter noise on the secondary power 
lines is: therefore rejected by the system even when adjusted for 90 kHz 
ope ration.. 

In addition to the major changes to the DCMS unit system capabilities, several 
minor additions were made. Changes were made in the area of internal 
housekeeping and operating status. 

A "BITE" monitor consisting of circuitry for determining the operating 
condition of the three vital sub-systems, the bridge oscillator, the clock 
oscillator and the power converter has been added. The BITE monitor signal 
is available at the DCMS interface as three discrete bits representing either 
a GO (a logic zero) or a NO-GO (a logic one) and as a composite OPERATE/ 
NON -OPERATE bit. 

The OPERATE /NON-OPERATE bit is a composite of the three vital subsystem 
monitors and the OVERRANGE and the UNDER -RANGE SIGNALS. The 
OPERATE /NON- OPERATE bit therefore only indicates a GO condition 
(logic ze re) when all five inputs are in a proper operating condition. The 
two OVER-RANGE and UNDER -RANGE signals are also available at the 
interfaces as discrete bits. 

In addition to the digital output, the modified DCMS Unit also provides this 
data as an analog output. This output has a low output impedance and can 
therefore be used to drive a meter. 

Provisions for a sample command has been incorporated into the unit. Upon 
receipt of a sample command, the digital and analog output data is held in 
a quiescent state for the period of the sample. 
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Other additions to the DCMS unit include automatic quadrature correction 
and differential balance adjust. 

The modified DCMS also incorporates considerable expansion of the capa- 
bilities of the DCMS-200. The primary expansion being to the digital reso- 
lution and the bridge flexibility. 

The modified DCMS has been expanded from a 10 to a 12 bit system. Since 
for certain applications the 10 bit system is still desirable, the 10 bit 
capability is also retained. A code plug permits the selection of the 10 or 
12 bit system. To insure a full 10 or 12 bit operation, a window threshold 
discriminator circuit is incorporated. 

The new system design provides for operation at bridge excitation frequencies 
from 30 kHz to 90 kHz. The DCMS-200 operated only at a bridge excitation 
frequency of 100 kHz. Provisions for approximately a 5% adjustment of 
the bridge excitation voltage has been included. 

The calibrate capabilities have also been expanded. In addition to the low 
and high calibrates, a means for checking a full scale reading has been 
added. When this command is given, a fixed delta capacitance is subtracted 
from the actual reading. The low and high calibrates also provide a means 
of checking the operation of the discrete measuring system. 

The redesigned DCMS unit has greater flexibility in accommodating the various 
modes of operation. The expanded capabilities of the unit greatly enhance its 


use, 



3.0 


THEORY OF OPERATION 


3. 1 GENERAL SYSTEM OPERATION 

The DCMS System diagram is shown in Figure 1. The principle part of this 
system is the bridge network. Two signals, equal in amplitude and opposite 
in polarity, are applied to the bridge network by a sinewave oscillator. An 
unbalance in the bridge components establishes two currents, one the reference 
current and the other, the unknown current. These currents are transformer 
coupled to a summing amplifier which establishes an error signal. This 
error is filtered and a.mplified, then it is compared to the oscillator signal 
(shifted about 90 degrees) in a phase detector. The output of the phase 
detector causes the up-down counter to count one bit in a direction which 
will tend to distribute the reference current in the summing amplifier so as 
to oppose the unknown current. The current summation is accomplished with 

a resistor R2R ladder network producing currents of 1/2, 1/4 1/4096. 

The up-down counter continues to count and the fractional currents are compared 
one at a time until the net output of the summation, amplifier is zero. The 
output of the up-down counter provides the digital display of the ratio between 
the reference and unknown capacitances. Analog data derived from this 
digital display is also available as an output. The system diagram also 
shows the point sensor circuit, which produces a 3 bit word from six discrete 
probes. 

3.2 DETAILED THEORY OF OPERATION 

3.2.1 Oscillator 

Drawing 28?3d53 is a schematic of the oscillator nr 5 amplifier. Trans- stors 
Qlaid Q2 drive transformer T1 which forme a high -Q LC oscillator to 
provide a low distortion sinewave output. Transistor Q3 is used to maintain 
a constant output amplitude with low distortion. Diode CR1 rectifies the 
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oscillator output to control the on resistance of Q3. If the oscillator output 
drops, this lowers the voltage on the gate of Q3 and this lowers the drain to 
source resistance of Q3 causing the oscillator amplitude to rise back to the 
proper output level. The oscillator drives the power amplifier from 
secondary winding No. 11 and 12. 

The power amplifier consists of three pairs of differential amplifiers to 
provide 50 volts peak-to-pcak to drive long lengths of cable with low distor- 
tion. The amplifier output transformer provides 5 sets of secondary output 
windings to drive the bridge network and also for the point sensor circuit. 
Output winding 9, 10-11, and 12 provide + 50 volts peak-to-peak to drive 
the bridge. Output winding 13, 14-15, and 16 provide + 5 volts to drive the 
differential adjust potentiometer. Winding 17, 18-19 and 20 provide about 
+_ 17 volts pcak-to-peak to excite two phase shift networks, one for the main 
probe and one for the point sensor circuit. Winding 21, 22-23 and 24 provide 
about + 2.5 V peak-to-peak t' five 100 ohm and two 5K ohm potentiometers 
to provide seven voltage sources for trimming and nulling the bridge. 

Output windings 25 through 30 provide a total of about 7. 5 volts peak-to-peak 
to drive the point sensor circuitry. 

Transistor Q6-Q7 is the input differential amplifier which drives the power 
output differential stage Q9-Q10. AC feedback is provided by T2 winding 5 
and 6 and resistor R17 for low distortion and stable gain. Winding 7 and 8 
provide about -5, volts for operation of QS. Transistors Q4, Q45, and Q 
stabilizes the DC operating point of the amplifier to provide low distortion 
and a stable DC operating point. The base cf Q8 get- negative DC feedback 
from the collector of Q4. The output stage ..ransistors are mounted on the 
DCMS housing top plate for an effective heat sink. 



3 . 2.2 


Bridge Network Board 


Drawing No. 2873032 is a schematic of the bridge network. The most common 
application of the DCMS is the measurement of absolute capacitance. For the 
measurement of absolute capacitance, a 50 volt peak-to-peak signal, E+ and 
E- is applied to the bridge as shown in Figure 2. Voltages E+ and E- are 
180° out of phase. 

Capacitors C21-C22 in the bridge are used to establish a reference for the 
initial value of the external transducer which is C15 and Cl 6. Capacitors 
C17-C18 are used as a reference for the total value of change of the external 
transducer. For this circuit configuration, C19 and C20 are not used. 

When the external transducer is equal in capacitance to C21 and C22, E+ 
and E- cancel each other at point A and there is no current flow in the primary 
winding of Tl. As the capacitance of transducer C15-C16 is increased, current 
will flow in the primary of Tl, and will increase linearly with the capacitance 
increase of C15-C16. To me: sure this current, it is coupled to the summing 
amplifier where it is compared with a selected traction of the reference 
current. The reference current in transformer T2 is caused by reference 
capacitor C17-C18. Components R23, C13, R25 and C14 are used to calibrate 
the DCMS to the initial and total values of the external transducer. 

The bridge works primarily the same for capacitance difference and capacitance 
ratio. The only change is in the component configuration. 

I 

The DCMS is also capable of measuring the ratio of the capacitance of two 
external transducers as In the case of a liquid level probe. The probe 
consits of two variables, a reference and an unknown. The operation of this 
function is as follows : 
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Referring to Figure 2, C17-C18 is the reference variable and CD5-C16 is 
the unknown variable. C19-C20 is fixed at the initial value of C17-C18. 
Capacitor C21-C22 is fixed at the initial value of C15-C16. When C17-C18 
and C15-C16 arc at their initial values, points A and B are ba^nced and 
there is no current flow in cither transformer primary winding. 

As the probe is filled with liquid, it must first change the dielectric of 
C17-C18 to its absolute value. This change unbalances point B and causes 
current flow in the primary winding of T2 which is coupled to the R2R ladder 
network of the ADC. This establishes a constant reference current. At 
this point, no liquid has yet been introduced between the plates of C15-C16 
and point A is still balanced with no current flow in Tl. This p int is the 
zero le w el, as the liquid continues to rise, it causes a dielectric change 
between the plates of C15-C16 creating an unbalance at Point A. It is this 
unbalance that causes a current to flow in the primary winding of Tl. 

To establish a comparison of the two external capacitances, the current 
may be attenuated to the degree desired. For example, if the maximum 
capacitance of the transducers have a ratio of 20:1, the amount of unknown 
current coupled into the summing junction must be attenuated to 1/20 of 
the current flowing in the secondary winding of Tl. This is accomplished 
by a divider network in the secondary winding of Tl, consisting of R67 and 
R87 on schematic drawing 2873026. 

Any variation of the level of liquid between the plates of C15-C16 causes a 
capacitance change that is a function of the total change of C15-C16 and is 
proportional to the change in C17-C18. This unknown change in C15-Cie 
creates the unknown current which, when properly attenuated in the 
secondary of Tl is coupled to the input of the summing amplifier. Here it 
is programmed by the 12 bit counter. The state of the 12 bit counter then 
provides a digital display of the ratio of the two currents. 



In order for the DCMS to measure capacitance difference, there must be 
two external variable capacitors such that each capacitor is subject to all 
the variables of the other. There must also be an internal reference 
capacitor which is equal to twice the difference to be resolved between the 
two external transducers. 

Referring to Figure 2, C17-C18 is selected as the internal reference capacitor 
while C21-C22 and C15-C16 are the external transducers. In this application, 
C19-C20 is omitted to establish a constant unbalance at Point B. This 
unbalance causes a constant reference current at Point B which is coupled 
across T2 to the reference input of the ladder network in the ADC. When 
C21-C22 and C15-C16 are equal in capacitance, Point A is balanced and 
there no error current in the primary of Tl. By inserting a capacitor in 
parallel with C15-C16, equal to 1/2 the value of C17-C18, there is established 
a half-scale offset when C21-C22 a d C15-C16 are equal. This error sets 
the 12-Bit Counter in the 100--0000 half-scale state. 

When there is a capacitance difference between C21-C22 and C15-C16 equal 

to 1/2 the capacitance of C17-C18 with C21-C22 the larger capacitance, the 

counters are set in the 000 01 state. With the same difference, and 

C15-C16 the greater capacitance, the counters will be in the 111 — 11 or 

full-scale state. The system is thereby enabled to interpret a positive or 

negative difference of C15-C16 and C21-C22 up to plus or minus one-half 

the value of C17-C18. 

» 

Transformers Tl and T2 provide input ground isolation from the DCMS 
common ground and also provide a very low input impedance to the bridge 
currents. Taps are provided on the primaries of Tl and T2 to allow 
impedance selection. The load on the secondaries is always about IK. 

This is transformed down to 5 ohms at the lowest tap, 20 ohms at the second 



tap, and 45 ohms at the highest tap. Of course, the higher the input 
impedance the greater the power developed at the point and the better the 
signal to noise ratio. The bridge network accepts unbalance currents from 
outside the unit via J6 and J7. 

In the secondary of Ih "unknown" coupling transformer Tl, an attenuation 
circuit is provided to attenuate the unknown current in order to make the 
full scale ratio equal to or less than 1.0. The selected resistors are R67 
and R87 shown in Drawing 2873026. R88 is a 50 ohm potentiometer which 

allows fine calibration of full scale. In all cases, the parallel value of 
R67 and R87 should be IK + 10% in order to equalize the input impedance 
at the two inputs. 

Three relays are provided which connect in or command currents which are 
designed to simulate a change in the bridge components. The relays are made 
to energize with a remote command. Amplifiers Ul, U2 and U3 are used 
to drive simulate relays from worst case TTL voltage levels, which are 
applied to the three inputs pins 22, 26 and 27. Input resistor RIO, CR1 
and CR2 form an overvoltage protection circuit for the input of Ul. 

Amplifiers U2 and U3 arc likewise protected. Amplifiers U2 and U3 have 
emitter follower outputs to drive an additional relay each, these relays are 
located on one of the point sensor circuit boards. 

A 90° phase shift network is composed of Cl 2, R2, and R24. Its output 
(Pin 36) goes to the in-phase detector. 

Transistors Q1 and Q2 arc part of the automatic quadrature null circuit. A 
DC control voltage from the bridge phase detector circuit board (Drawing 
No. 2873035) is used to control the on resistance of FET Q1 or Q2. There- 
fore, the amount of oscillator voltage injected into Tl may be controlled. 



A positive voltage on Pin 25 will tend to turn Q2 off, allowing the oscillator 
signal to pass through Ql. A negative voltage on Pin 25 will tend to turn Ql 
off., allowing the oscillator signal to pass through Q2. This DC control 
voltage is produced by a quadrature phase detector to detect any quadrature 
component of the error signal. This control voltage is feedback to Ql and 
Q2. to reduce the quadrature component to an acceptable level. 

3.2. 3 ADC/DAC (Summing Amplifier Circuit ) 

Drawing No. 2873026 is a schematic of the ADC/DAC circuit. This circuit 
accepts the unknown and reference signals from the bridge, performs the 
summing function, produces an error output signal, a DC reference voltage 
of 5 volts, and a DC analog output voltage of zero to 5 volts. 

The DC portion of this circuit will be considered first. Operational amplifier 
Al and its associated circuit are used to generate a very stable 10 volt DC 
reference voltage. Start-up of this circuit is provided by voltage divider 
R4 and R5, this bias is coupled to the operational amplifier non-inverting 
input through diode CR1 (after the circuit is in regulation CR1 reverse biases). 
The small start-up bias from CR1 to the input caus-. s the output (Pin 6) to 
rise also. Positive feedback is provided by R6 and the gain of Al is greater 
than unity (about 1. 7). With positive feedback, Al output rapidly rises to 
about 6.2 volts. At this point, temperature compensated zener diode VR1 
starts to conduct and clamp the non-inverting input (Pin 3) to 6.2 volts. 

At this point, the inverting input (Pin 2) has a potential of about +3. 6 volts. 
This is due to the divider network Rl, R2, R3, R8, R89 and R90. Since 
the non-inverting input is about 2. 6 volts, more positive than the inverting 
input, the output will continue to rise until it reaches 10 volts. When the 
output reaches 10 volts, Pins 2 and 3 will be equal and maintain 10 volts 
output. This circuit rejects supply voltage changes and is very stable with 
temperature. 




























•-:rV 


k }m ' fiB 

A! { ■', , v • , \ <% 

flita * *"■■; .' 3 -» '-/« 

v* •—■■4 , , . . Ua 


|j| 

'i v '"’ '. / h 

■ r ^ v . . v / 

f ‘!| i|* £ 

-'--A, • r : 

/ l -:r” - v - >- •< :— 

•Ivr V&JM fc ?♦. •gES 

ff 


S ^ L Iff * 1 tfl 

< n * .S' 

\ . •*&» r e 


r > / 


„ % |XS 

T' 

*• **• 


; v. ^ 


| f| . !■>■•-••• ii »■ r'lijrT* j - „/i 

✓> /> * 


•' I Vtf ' > 

jL : *.• 


Photograph 


ADC /D AC 


Resistors R9, RIO and R1 1 form a voltage divider to supply a 2. 5 volt and 
5 volt reference. The 5 volts at the junction of R9 and RIO goes to operational 
amplifier A3. Amplifier A3 is used as a unity gain buffer amplifier to supply 
the "Analog Reference Output", which is 5 volts. An overvoltage protection 
circuit is composed of CR4, CR5, and R14, this protects A3 from voltage 
accidently applied to Pin 39. 

The 2.5 volts at the junction of R.10 and Rll connects to the non-inverting 
input of operational amplifier A2. This amplifier has unity gain at DC and 
may have greater than or less than unity AC gain with the proper selection 
of R82 and R96. The nominal value for each resistor is zero. Increasing 
R82 increases the gain and increasing R96 decreases the gain. Control R88 
is fine adjustment of the gain to control the full scale calibration. Emitter 
follower transistor Q25 is used to boost the current drive capacity of A2. 

The DC Analog Circuit operation will be considered next. The +2. 5 volt 
output of Q25 feeds the PNP transistor switches of the ladder network. 

This 2. 5 volt source is used for two reasons: to provide a voltage to turn 
the PNP transistors on, and a method to obtain the DC analog output from 
the ladder network. Transistor switches Q1 through Q24 are used in the 
inverted mode to obtain a very low saturation voltage. Logic signals from 
the up-down counter control the on or off state of the transistor switches. 
Assume a logic "1" on the 2048 input. Pin 14 of hex inverter U2 will be 
low, this will turn Q23 on and Q24 off. This will cause 1/2 furl-scale 
current flow into operational amplifier A4. This inverting amplifier operates 
with unity gain so therefore, 1. 25 volts () /2 of 2. 5 volts) will be the output. 

The output of Ai goes into A5, an inverting ampluier with a gain of two. 
Amplifier A5 also opeates as an integrate,, to remove the AC component of 
the DC analog signal. 



The AC operation will be considered next. The unknown signal from the 
bridge network (Tl) connects to the inverting input of summing amplifier 
A4 through resistor R67. For a ratio measurement of 20:1, R67 would be 
increased from IK ohm to 20K ohm and R87 lowered from infinity to 1050 ohms. 
The parallel combination of R67 and R87 should equal to IK ohm. 

The reference signal from T2 bridge network connects to the inverting input 

of A2 through R83 and R96 (R96 should be less than 100 ohms). Amplifier 

A2 is used as a buffer to drive the R2R ladder network. Since one of each 

pair of switch transistors is always "on", the current encounters two paths 

for flow, each of which is exactly 2K ohms. The current, therefore, divides 

equally with I 1/2 flowing in R62. At the second mode of the ladder, the 

current flowing in R61 again sees two equal resistance paths and again 

splits with 11/4 flowing in R58. The current division process continues 

12 

through the 12 current modes until only increments of I 1/2 remains. 

This increment is discended through R18. The current is therefore separated 

into 12 binarily weighted parts. From these parts, currents can be selected 

4095 

to yield any fraction of the reference signal from zero to — with a resolution 

j * v/ / O 

°f As an example, when 2048 is on (Q23 on) I 1/2 is flowing through 

R62 into summing amplifier A4. It contributes a current which opposes the 
unknown input current. When the proper parts of the reference currents are 
selected, the sum will cancel the unknown current to give zero output of the 
summing amplifier A4. The output of A4 is the error signal which goes to the 
error amplifier and servo-control network where it is used to control the 
direction of counting of a 12 bit up-down counter. The binary outputs of the 
counter is in turn used to control the ladder switches. 


Therefore, the ladder network balances out th" unknown signal in the summing 
amplifier A4 and also derives the DC analog output from A4. 



3.2.4 


Filter Error Amplifier 


Drawing 2873050 is a schematic of the Filter Error Amplifier. Input 
stageQl, Tl, C2, and C18 comprise a bandpass filter which is tuned to 
the frequency of the oscillator. Tl drives a second bandpass filter similar 
to the. first stage filter. It consists of Q2, T2, C5 and C17. The output of 
T2 goes to the input of U1 a wideband high gain operational amplifier. The 
output of U1 goes into U2 which is also a wideband high gain amplifier. A 
control R18, is used to control the gain of the amplifier. Two test signals 
are provided for use in the DCMS Display Test Set. Error signal low (pin 14) 
and error signal high (pin 31). 

3. 2. 5 Phase Detector 

Drawing 2873035 is a schematic of the bridge ph--.se detector and also 
includes a built in test equipment circuit (BITE). The BITE monitors the 
bridge oscillator, the clock oscillator, the power supply, and also indicates 
when the up-down counter reaches zero count or a count of 4095. 

The detector circuit consists of two detector circuits an in-phase and a 
quadrature detector. The in-phase circuit consists of Q2, Q3, and Tl. 
Transistors Q2 and Q3 arc transistor switches which are driven alternately 
by the balanced drive from the secondary of Tl. The signal into the primary 
of Tl comes from the bridge network and is phase shifted about 90° from the 
oscillator phase. The error signal input (pin 33) to be detected produces 
current flow in R22'and R23. The error signal is composed of many fre- 
quency components due to noise in addition to the desired signal. It m.y 
also have a component of the desired frequency which is 90° out of phase, 
with that which is caused by capacitive unbalance i.C the bridge. It is de- 
sirable for the phase detector to extract from the error signal only the 
algebraic sign of the desired phase component of the bridge excitation 
frequency. 
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Phase Detector 


The phase detector does this by effecting a multiplication of the original 
excitation frequency by the error signal. When Q2 is "on", Q3 is "off 1 and 
the current in R22 is integrated in C6. When Q3 is "on", Q2 is "off" and the 
current thru R23 is integrated in C6 in the opposite direction. Thus, the 
net current flowing over the second half-cycle is algebraically subtracted 
from the net current over the first half cycle. 

That component of error at the driver frequency can be resolved into in- 
phase and quadrature components. The in-phase component is of one sign 
during the first half-cycle and the opposite sign during the second half-cycle 
so that the net difference over a cycle is the full-wave rectified average of 
the current. The quadrature component is equally positive and negative over 
either half-cycle so that the net current is zero over a full cycle. 

Components of the error signal which are near the excitation frequency 

t 

may produce a net current over one complete cycle, but cannot maintain 

a net current over a number of cycles. A net current integrated over a 

number of cycles will cause the voltage on C6 - to change. Only a component 

of error which is of the same phase and frequency as the driving voltage will 

produce a D. C. voltage on C6. The circuit then acts as a very narrow- 

band filter which is always centered at the bridge excitation frequency and 

is receptive to only one phase component of that frequency. The D.C. 

voltage produced on C6 is of like sign of the desired component of error 

signal. Operational amplifier U7 is used as an integrator with C6. A 

positive output will cause the up-down counter to count up, and a negative 

* 

output will cause the counter to count down. 

Amplifiers 1)8 and U9 are used as a window discriminator to decide when to 
count up, down, or stop counting. A D.C. threshold voltage is provided for 



U8 and U9, which is controlled by R32. A +5 volt reference from the ADC 
is applied to R31 and the inverting input of operational amplifier U10. The 
output of U1C provides a -5 volt reference to R33. Divider chain R31, R32, 
and R33 provide a symmetrical +.4 volts down to zero volts for a threshold 
voltage to the window discriminator U8 and U9. 

As an example, assume that the window threshold potentiometer is set so as 
to give a + 1 volt threshold. With the "+" input of U8 at zero volts, and the 
input at +1 volt the output will be 6 volt. The outputs of U8 and U9 
cannot go to -5V because of diode clamps CR18 and CR19, but are limited 
to about 6 volt. Also with zero volts on the input of U9 and -1 volt 
on the "+" input, the output of U 9 will be -. 6 volt. Therefore both U8 and 
U9 outputs are low and the counter cannot count unless one of these outputs 
is high. If the "+" input to U8 rises to greater than +1 volt the output of U8 

r 

will go high co about +4 volts. There is no change in the output of U9. There 
fore with U8 high and U9 output low, the counter will count up. If the 
input to U9 goes to -1 volt the output of U9 vill be high and the output of U8 
low. This means that the counter will count down. 

So if there is about 1 volt peak-to-peak noise on the phase detector 
output of U7, the window threshold should be set to slightly greater than 
1 volt to eliminate the noise jitter to the up-down counter. This also 
keeps the counter from counting up 1 bit, down 1 bit, up 1 bit, etc. , at 
a time when there is no change in the probe capacitance. 

The error signal is also applied to the quadrature phase detector transistors 
Q4 and Q5 thru resistor divider R46 and R47. This detector functions just 
like the in-phase detector except it detects the quadrature component of the 
error signal. Transistor switches Q4 and Q5 are driven alternately by the 



balanced drive from the secondary of T2. The drive into T2 is about 17 volts 
pcak-to-pcak and is the same phase as the oscillator. Operational amplifier 
Ull is the integrator and its output goes to the FET's on the bridge board 
to provide automatic nulling of the quadrature component of the error amplifie 

Transistor Q1 and comparator amplifier U1 are part of the BITE. If the 
clock oscillator should fail, transistor Q1 would turn off allowing capacitor 
C2 to charge in a positive direction. A +2 volt threshold is applied to the 
inputs of Ul, U2, and U3. This is derived from reference zener diode VR1, 
and resistor divider R16 and R18. As C2 charges positive it will cause the 
output of U 1 to go to a "0" output from a "1" output state. This will cause 
U4 clock oscillator Q output pin 19 to go to a "1" output indicating a failure. 

U4 output 1C pin 12 also drives an inverter for the Q output and U5 pin 3. 

A failure turns U5 input from a "0" to a "1", this places a "0" on the input 
of U6, which causes "1" (failed) output on the Q output of the "operational 
non-operational" output pin 1. 

The oscillator test circuit functions in a similar way. Diode CR20 half-wave 
detects the bridge oscillator signal and is applied to U2 input with voltage 
divider R48 and R13. Capacitor C4 is used to remove the ripple from the 
oscillator rectification process. If the bridge oscillator fails, the voltage 
on C4 will drop below 2 volts and cause the output of U2 to change from a 
"1" output to a "0" output state. The inverter and gate circuit function just 
like the clock oscillator circuit. 

* 

Comparatro U3 monitors the power supply outpit voltage. If the supply 
voltage drops enough for the +input of U3 to go oelow about 2 volts, the 
output of U3 will change from a "1" output to a "0" output. This will indicate 
a problem with the power supply when the "power supply" Q output changes 
from a "0" output to a "1" output. The inverter and gate circuit functions 
the same as the clock oscillator circuit. 



3.2.6 


Up-down Count or 


The up-down counter is divided between two printed circuit boards. The 
counter circuit is shown on two schematic drawings 2873047 and 2873038. 
Drawing 2873047 will be discussed first. The clock oscillator consists of 
C3, R3,. R4, R5, and three inverters of U7. The three inverters provide the 
gain and positive feedback necessary for a free running oscillator. The free 
running frequency is about 100 KHz and determined by R3, R.4, and C3. A 
sync amplifier U9 receives a TTL signal on its input and synchronizes the 
oscillator thru one of the inverte- s. Amplifier U10 receives a TTL inhibit 
signal and is used to inhibit the clock oscillator thru one of the inverters. 

The output of the last inverter of U7 is coupled to 1/3 of U8 and both are 
used as buffer amplifiers for the clock output. The clock squarewave is 
AC coupled and differentiated into the two 3-input gates U8. Resistor R15 
holds two of the gate irputs low, so both gate outputs will be high. The 
leading edge rise time of the clock would cause both gate outputs to go 
netative to a low and produce a narrow width pulse. However, both gate 
outputs must not be allowed to produce negative , ilses at the same time. 

The up or down count command signals from the phase detector enter into 
gate U8 on pins 2 and 6 respecitvely. The count commands will both be 
low to stop counting andahigh signal will cause that particular command to 
count up or down. For example if the up command goes high the counter 
should count up. With a command to count up the down command will be low, 
this will keep pin 5 of U8 high during the clock pulse. This will allow the 
counter U3 to count up. Two additional signals are connected to the gate 
inputs,, zero inhibit and full inhibit. A zero inhibit signal is produced when 
all 12 counter outputs arc low. This provides a low on pin 7 of gate U8, 
which inhibits the output of U8 and will not allow the counter (o count down. 
The same thing happens when all 12 of the counter outputs go high, a low is 
provided on pin 1 of gate U8 and will not allow the counter to count up. The 
zero inhibit is generated by open collector hex inverters U5 and also U2 on 
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schematic 2873038. The full scale inhibit is generated by open collector 
hex inverter U2 and also U3 on schematic 2873038. 

The 12. bit counter consists of U3, U6, and also U1 on schematic 2873038. 

In addition to being capable of counting up or down, each output may be 
preset manually with twelve switches on the DCMS Display Unit. 

Each counter output and the two inhibit signals are buffered and inverter to 
provide both Q and Q outputs. This is provided by 5 hex inverters, U1 and 
U4 on schematic 2873047 and U4, U5, and U6 on schematic 2873038. The 
hex inverter outputs are protected from +_ over -voltages which might be in- 
advertently applied, this consists of a resistor and 2 diodes for each output. 
For example R25, CR5 , and CR7 of Ul. 

3.2.7 Point Sensors 

The point sensor circuit is shown on schematic drawings 2873041 and sheet 
1 and 2 of drawing 2873044. The point sensor circuitry is designed to signal 
condition 6 discrete liquid level probes of 5 pF each nominal capacitance 
when empty. 

Figure 3 shows a simplified drawing of point sensor No. 1 and some circuitry 
common to all point sensors. The point sensor probe P causes a current 

V 

flow from the main probe E+ voltage into the point sensor transformer T1 
and is of a phase. to oppose the current from probe P . This reference 
voltage is provided by transformer winding on the oscillator printed circuit 
board.. Each tapped section of the transformer provides about 2.5 volt peak- 
to-peak for a total of about 7.5 volts peak-to-peak. The normal operating 
voltage to the reference capacitor C3 is adjustable from about 2. 5 to 5 volts 
peak-to-peak with calibrate potentiometer R8. 
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Relay K1 is used to test a low probe (empty). The current from ihe 
reference capacitor C3 is larger than the current from probe P . When 
relay K1 is energized it reduces the voltage 2. 5 volts to C3 and then the 
current from the probe will be greater and cause the output of U3 to indicate 
a full probe. 

Relay K2 is used to test a full probe. The current from the full probe P 
is larger than the current from the reference capacitor C3. When the high 
test relay K2 is energized, it increases the voltage to C3 2.5 volts and 
therefore the current due to the reference capacitor C3 will be greater. 

This will cause the output of U3 to change from a full probe indication to 
an empty probe state. 

Potentiometer R7 is a quadrature null adjustment to null the quadrature of 
all the probes simuUaneously. 

The output of transformer Tl goes into a wideband high gain operatic lal 
amplifier U2 which is used as an error amplif'er. The output of U 1 goes 
into the phase detector U2. Resistor R1 and capacitor Cl provide a 90° 
phase shift for the phase detectors. A 17 volt peak-to-peak sine wave from 
the oscillator is applied to R 1 and 180° phase difference to Cl. This 90° 
shifted sine wave is limited and squared in amplifier Ql. Therefore Q1 
provides a 90 phase shifted square wave to each point sensor phase 
detector. 

The output of phase detector U2 goes to the input of U3, an operational 
amplifier used as an integrator. This removes the AC component and 
provides high DC gain to increase the signal level of the phase detector 

output.. 



Schematic 2873041 and sheet 1 of 2873044 show the six point sensor circuitry 
which produces 6 discrete outputs. Sheet 2 of 2873044 shows the logic 
to buffer the 6 discrete outputs and generates a 3 bit word. 

Hex inverters U12 and U13 are used as buffers and inverters for both Q and 
Q outputs of the 6 point sensor outputs. A triple 3-input gate is used to 
generate' the three-bit word. An inverter is used to produce Q for each 
output of the 3-bit word. A IK ohm resistor and 2 diodes are used on each 
output for protection of an over voltage which might be applied to an output 
accidently. 

3. 2. 8 Power Supply 

Schematic drawing number 2873029 shows the power converter. The part 
of this sy tern which is most critical to the operation of the unit and deter- 
mines its ability to meet the regulation and EMI requirements is the re- 
gulator arrangement. This cannot, in general, be a simple series regulator 
since the power dissipation which is incurred at nominal input voltage, if it 
is set up. to operate correctly at the minimum voltage, is prohibitive both 
from a total efficiency point of view and due to the thermal aspects of the 
concentration of high dissipation in one area. 

The regulator which is used is a synchronized PDM stepdown pre-regulator 
in which the series element Q10 is operated in a switching mode. The 
duration, of the on period pulses fixes the mean output voltage from the 
regulator and the s,quare waves are LC integrated by L3 and C9-C10 to 
provide dc to the square wave dc/dc converter. 

The operation is as follows. The loading edge of the dc/dc converter 
square wave is differentiated to provide a synchronizing pulse to lock 
the frequency of the regulator to that of the converter. 
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The. syne pulse turns on a transistor QS which rapidly discharges the 
regulator liming capacitor C8. C8 is contained wit hin the feedback loop 
of a series regulator type amplifier so that when C8 is discharged to ground, 
the series transistor Q10 is switched off. At the end of the short sync 
pulse, C 8 is charged linearly by the differential input amplifier Q2-Q1 
until a voltage is reached which brings the scries transistor back on. The 
feedback action adjusts the balance of the differential amplifier so that the 
charging current to C8 and hence, the switch period duration, is modulated 
to maintain the feedback voltage equal to a fixed reference. 

Some features of this arrangement are that under start-up conditions the 
circuit reverts to a series regulator and power is provided to start the 
converter even under low voltage conditions. Also, under over-voltage and 
surge conditions, the high voltage is developed only across the series switch 
and driver and the regulator continues to provide the regulated output to 
the convert. Additionally, the circuit is by nature a low pass filter and 
thus- gives good rejection of ac ripple imposed on the dc input lines. This 
rejection, is improved by the LC filter which is in the input leads for EMI 
suppression reasons. Reverse polarity protection is also included on the 
input line by CR1. 

The dc/cfc converter which the pro -regulator supplies is a single transformer 
circuit running at approximately 125 KHz in which the drive to the converter 
switches is obtained from positive feedback windings on the power transformer. 
The power transformer is not allowed to saturate due to the presence of a 
timing inductor L4 on the converter switen base drive. A very small square 
loop inductor L4 is used to dump base current when it saturates after a 
fixed time interval. The regenerative switch cycle is thus made to occur 
without the large current spikes which characterizes the standard converters 
of this type. 



An additional feature is the switch start-up circuit which provides adequate 
start-up current for any voltage and temperature combination and is auto- 
matically biased. off when the oscillator starts to conserve that current and 
improve efficiency. This start-up current is provided by Qll. 

These features are combined to provide an efficient pre -regulated converter 
which has been proven by experience. Typical all conditions output stability 
of 5% and an high overall efficiency are obtained. 

The output voltages of T1 are rectified and filtered and then must pass thru 
RFI filters for very low RFI output. 



4.0 . SPECIFICATION ;:V- I ; 

4. 1.0 SCOPE 

This specification covers the electrical performance of the Digital Capacitance 
Measuring System to be used with the shuttle propellant management systems 
and ground support equipment. 

4.1.1 CLASSIFICATION 

The Digital Capacitance Measuring System, referred to as the DCMS unit, 
provides maximum flexibility for accommodating various modes of operation, 
operating ranges and sync capabilities. The system consists of a continuous 
capacitance measuring system and a discrete capacitance system capable of 
monitoring six (6) point sensor probes. 

4.2.0 REQUIREMENTS 

4.2.1 PERFORMANCE 

* , ) ■ 

4. 2. 1.1 Functional Characteristics . , •; 

The DCMS is capable of continuous capacitance measurement in one of three 
modes of operation: 1) Absolute Capacitance, 2) Capacitance Ratio, and 
3) Capacitance difference. The DCMS also provides for six discrete 
capacitance measurements which can be used in conjunction with the continuous 
system in order to expand its resolution or indepdently. 

4, 2. 1.1.1 Continuous Capacitance Measurement 

4. 2.1. 1.1.1 Operating Modes 

a. Absolute Capacitance •• '• : ■ 

b. Capacitance ratio 

c. Capacitance difference , 



4. 2. 1.1. 1.2 


Operating Range and Sensitivity 


a. Absolute Capacitance 

Range: 5 pf to 1000 pf full scale 

Sensitivity: 5/1024 pf for 10 bit system 
5/4096 pf for 12 bit system 

b. Capacitance Ratio 

Range: Reference capacitor 5 pf to 1000 pf, 

Capacitance ratio 200:1 full scale maximum 
with 5 pf reference capacitor, capacitance 
ratio of 1:1 full scale maximum with 1000 pf 
reference capacitor. 

Sensitivity: 5/1024 x ratio for 10 bit system 
5/4096 x ratio for 12 bit system 

c. Capacitance Difference 

Range: Common Mode and Difference 
5 pf and 1000 pf 

Sensitivity: 5/1024 for 10 bit system 
5/4096 for 12 bit system 


4.2. 1.1. 1.3 


Accuracy: + . 075% +0. 1 pf x capacitance ratio. 


4. 2. 1.1. 1.4 
4. 2. 1.1. 1.4. 1 
4.2. 1.1. 1.4.2 


Bridge 

Excitation Frequency: 30 kHz to 90 kHz 

Excitation Voltage: 50 volts peak to peak nominal with 
5% difierntial adjustment. 




4.2. 1. 1. 1.4.3 

Output Impedance: 50 ohms nominal for absolute and 

ratio operating modes and 75 ohms 
nominal for difference mode 


4.2. 1. 1. 1.4.4 

Input Impedance: 5, 20, or 45 ohm top 


4. 2. 1.1. 1.5 

Counter Clock 


4.2. 1.1.1. 5.1 

Frequency: Nominal 100 Hz free-running, 10 kHz 

maximum external sync for 10 bit system, 
2.5 kHz for 12 bit system 


4.2. 1. 1. 1.5.2 

Sample Command: a clock inhibit is provided for 

data sample hold. 


4.2. 1.1. 1.7 

Cable Length: A maximum of 92 meters of co-axial 

cable with capacitance of 30 pf per foot. 

... 

4.2. 1.1.2 

Discrete Capacitance Measurement (Point Sensor) 


4. 2. 1.1.2. 1 

Operating Range and Sensitivity 

Range: 5 pf to 50 pf for 6 measurement operation or 
5 pf to 300 pf for single measurement 
Sensitivity: .1% 


4.2. 1. 1.2.2 

Accuracy + 1% 


4.2. 1.1. 2. 3 

i 

Bridge 


4. 2. i. 1. 2. 3. i 

Excitation F requency: Same as continuous measurement 

bridge. 



% 



4. 2. 1. 1. 2. 3. 2 Excitation Voltage: 50 volts peak to peak nominal 

4. 2. 1. 1. 3 Power Converter 

The DCMS power converter operates from a dc power bus of 28 +_ 15% VDC. 

The DCMS unit draws a maximum of 0. 8 amperes from the 28 volts bus. 

4. 2.1.. 1.4 Interface Requirements 

4. 2. 1. 1. 4. 1 Digital Outputs 

4. 2. 1. 1. 4. 1. 1 Continuous Capacitance Measurement: 

10 or 12 bit binary word present for parallel transfer. 

4. 2. 1.1. 4. 1. 2 Discrete Capacitance Measurement 

a) 3 bit binary word representing sequential trip of the 
six measurements 

b) A single bit for each of the six measurements representing 
their status 

4.2. 1.1.4. 1.3 BITE 

a) A single bit for each of the three test points and for 
over- range and under -range indication 

b) A single bit representing the cummulative status of the 
tests points and the range indicators. (Operate /Non- 
Opera te). 

4.2. 1.1.4. 2 • Analog Output: An analog conversion of the digital output 

of the continuous capacitance measurement 
is provided. 



4.2. 1.1.4. 3 


Interface Definition 



CONNECTOR FUNCTION 
TEST SET INTERFACE 


TITLE: 2873-545- 104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J1 AFD54-1 8-32SN 


PIN NO. 

A to J5A/E117 

PIN NO. 

E to J5G/E51 

FUNCTION: 

Below Range Inh Q 

FUNCTION: 

Health Mon-Power Supply 

VOLTAGE: 

0V to 0. 4 V / 

VOLTAGE: 

0V to 0. 4V/ 


2.4V to 5. 5V DC 


2.4V to 5. 5V DC 

ORIGIN: 

Up/ Down Counter 

ORIGIN: 

Health Monitor 

DESTINATION: Test Set 

DESTINATION: 

Teet Set 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

? 10 K ohms 

LOAD Z; > 

10 K ohms 

PIN NO. 

B to J5C/E1I5 

PIN NO. 

F to J5J/E49. 

FUNCTION: 

Over range Inh. Q 

FUNCTION: 

Health Mon-Bridge OSC. 

VOLTAGE: 

0V to 0. 4V / 

VOLTAGE; 

0V to 0.4V/ 


2.4V to 5. 5 V DC 


2. 4V to 5. 5V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Health Monitor 

DESTINATION: Test Set 

DESTINATION: 

Test Set 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

- 10 K ohms 

LOAD Z: > 

10 K ohms 

PIN NO. 

C 

PIN NO. 

G to J5L/E50 

FUNCTION: 


FUNCTION: 

Health Mon-Clock 

VOLTAGE: 


VOLTAGE: 

0V to 0. 4V / 




2. 4V to 5. 5 V DC 

ORIGIN: 


ORIGIN: 

Health Monitor 

DESTINATION: 

DESTINATION: 

Test Set 

SOURCE Z: 

' 

SOURCE Z: 


LOAD Z: 


LOAD Z: > 

10 K ohms 

PIN NO. 

D to E99 

PIN NO. 

H tc J4A/E19 

FUNCTION: 

Clock Sync Input 

FUNCTION: 

3 Bit Word 1 Q 

VOLTAGE; 

OV to 0. 4V / 

VOLTAGE; 

0V to 0. 4 V/ 


2. 4 V to 5. 5 V DC 


2. 4V to 5. 5 V DC 

ORIGIN: 

External Source 

ORIGIN: 

Point Sensor 

DESTINATION: Test Set 

DESTINATION: 

Test Set 

SOURCE Z: 

2 K ohms 

SOURCE Z: 


LOAD Z: 

5-180 ohms 

LOAD Z; >10K ohms 



CONNECTOR FUNCTION 
TEST SET INTERFACE 


PIN NO. J to J4C/E21 

FUNCTION: 3 Bit Word 2 Q 

VOLTAGE: OV to 0. 4V/ 

2.4V to 5. 5V DC 
ORIGIN: Point Sensor 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: >10 K ohms 

PIN NO. K to J4E/E23 

FUNCTION: 3 Bit Word 4 Q 

VOLTAGE: OV to 0.4V/ 

2.4V to 5.5V DC 
ORIGIN: Point Sensor 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: £10 K ohms 

PIN NO. L to J3b/E63 

FUNCTION: ADC/DA C Analog Out 

VOLTAGE: OV to 5V DC 

ORIGIN: ADC /DA C 

DESTINATION: Test Set 
SOURCE Z: 1 K ohms 

LOAD Z: > 100 K ohms 


PIN NO. M to J1P 

FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: Test Set 

SOURCE Z: 

LOAD Z: 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: Jl AFD54-1 8-32SN 


PIN NO. N to J3d/E62 

FUNCTION: ADC/DAC Ref. Out 

VOLTAGE: 5 V DC 

ORIGIN: ADC/DAC 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: 

PIN NO. P to J3c 

FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: 

PIN NO. R to J5R/E1 00 

FUNCTION:' Clock Inhibit 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5.5V DC 
ORIGIN: External Source 

DESTINATION: Test Set 
SOURCE Z: 2 K ohms 

LOAD Z: <180 Ohms 

PIN NO. S 

FUNCTION: Chassis 

VOLTAGE: 

ORIGIN: 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: 



CONNECTOR FUNCTION 
TEST SET INTERFACE 


PIN NO. T to E58 

FUNCTION: Error Sig na i High 

VOLTAGE: 

ORIGIN: Filter Board 

DESTINATION: Test Set 

SOURCE Z: 

LOAD Z: 


PIN NO. U to E59 

FUNCTION: Shield 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z; 

LOAD Z: 

PIN NO. V to J5E/E56 

FUNCTION: Op/Non Op Q 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


PIN NO. W ' 

FUNCTION; Spare 
VOLTAGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z: 


TITLE: 2873-545- 104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J1 AFD54-1 8-32SN 


PIN NO. X 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 

PIN NO. Y 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 

PIN NO. Z to E61 

FUNCTION: * Error Signal Low 
VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


PIN NO. a to E60 

FUNCTION: Shield 

VOLTAGE: 

ORIGIN; 

DESTINATION: 

SOURCE Z: 

LOAD Z: 



CONNECTOR FUNCTION 
TEST SET INTERFACE 


PIN NO. b 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z; 

LOAD Z: 


PIN NO. c to J4c/E46 

FUNCTION: Low Simulate 

VOLTAGE: 

ORIGIN: 

DESTINAT ION; 

SOURCE Z ; 

LOAD Z: 

PIN NO. d to J4d/E45 

FUNCTION: High Simulate 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


PIN NO. e to J4e/E48 

I 1 UNCTION: - Full Probe Test 
VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z; 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J1 AFD54-1 


PIN NO. f 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z: 


PIN NO. g 

FUNCTION: Spare 

VOLTAGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z : 

IX) AD Z: 

PIN NO. h 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z; 

PIN NO. j 

FUNCTION: Spare 

VO J A AGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

IX AD Z: 


8-32SN 



TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J2 AFD54-1 8-32SW 


PIN NO. 

A to E70 

PIN NO. 

E to E74 

FUNCTION: 

Counter IQ 

FUNCTION: 

Counter 16Q 

VOLTAGE: 

0 V to 0.4 V/ 

VOLTAGE: 

0 V to 0.4 V/ 


2.4 V to 5. 5 V DC 


2. 4 V tc 5. 5 V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Up/Down Counter 

DESTINATION: Test Set EI4 

DESTINATION: 

Test Set El 2 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

>10 K ohm s 

LOAD Z: 

> 10 K ohms 

PIN NO. 

B to E71 

PIN NO. 

F to E75 

FUNCTION: 

Counter 2 Q 

FUNCTION: 

Counter 32 Q 

VOLTAGE: 

0 V to 0.4 V/ 

VOLTAGE; 

0 V to 0. 4 V/ 


2.4V to 5.5V DC 


2. 4 V to 5. 5V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Up/Down Counter 

DESTINATION: Test Set E15 

DESTINATION: 

Test Set E2 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

> 10 K ohms 

LOAD Z: 

> 10 K ohms 

PIN NO. 

C to E72 

PIN NO. 

G to E64 

FUNCTION: 

Counter 4 Q 

FUNCTION: 

Counter 64 Q 

VOLTAGE: 

0 V to 0.4 V/ 

VOLTAGE; 

0 V to 0. 4 V/ 


2. 4 V to 5. 5 V DC 


2.4 V to 5. 5 V DC 

ORIGIN: 

Up-Down Counter 

ORIGIN: • 

Up /Down Counter 

DESTINATION 

; Test Set E10 

DESTINATION: 

Test Set El 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

■>. 10 K ohms 

LOAD Z*. 

>10 K ohm s 

PIN NO. 

D to E73 

PIN NO. 

H to E6 5 

FUNCTION: 

Counter 8 Q 

FUNCTION: 

Counter 128 Q 

VOLTAGE: 

0 V to 0. 4 V/ 

VOLTAGE: 

0 V to 0.4 V/ 


2.4V to 5. 5V DC 


2. 4 V to 5. 5V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN; 

Up/Down Counter 

DESTINATION: 

: Test Set Ell 

DESTINATION: 

Test Set E16 

SOURCE Z: 


SOURCE Z: 


LOAD Z: 

> 10 K ohms 

LOAD Z: ; 

^ 10 K ohms 



CONNECTOR FUNCTION !•-» 
TEST SET INTERFACE 



TITLE: 


2873-545-104 


CONNECTOR FUNCTION 
TEST SET INTERFACE 


PIN NO. J to E66 

FUNCTION: Counter 2 51) Q 
VOLTAGE: ov l <> 0.4V/ 

2.4V to 5. 5 V DC 

ORIGIN: Up/Down Counter 

DESTINATION: Test Set El 7 
SOURCE Z: 

LOAD /.: — 10 K ohms 

PIN NO. K to E67 

FUNCTION: Counter 512 Q 
VOLTAGE: 0 to 0.4V/ 

2.4V to 5. 5 V DC 
ORIGIN Up/Down Counter 

DESTIh AT ION: Test Set E19 
SOURCE Z; 

LOAD : MOKohms 

PIN NO. L to E68 

FUNG I ION: Counter 1024 Q 
VOLTAGE: 0 to 0. 4V/ 

2.4V to 5. 5V DC 
ORIGIN : Up /Down Counter 

DESTINATION: Test Set E20 
SOURCE Z: 

LOAD ^ 10 I< ohms 

FIN NV . M to E69 

FUNC'i ON: Counter 2048 Q 
VOL 17 iE: 0V to 0.4V/ 

2. 4V to 5. ":V DC 
ORIGIN. Up/Down Counter 
DESTINATION: Test Set E21 

SOURC’: Z: 

LOAD F: 2T10 K ohms 


MODEL: DCMS 

REVISION: A 

CONNECTOR: .72 AFD54 -1 8-32SW 


PIN NO. N to E94 
FUNCTION: Load-Counter Program 

VOLTAGE: ov to 0.4V/ 

2. 4 V to 5. 5V DC 

ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z: 900 ohms 
IjOAD Z; 175 ohms 

PIN NO. P to E76 
FUNCTION: Counter Program 1 
VOLTAGE: 0V to 0.4V/ 

2. 4V to 5. 5V DC 
ORIGIN: Counter 

DESTINATION: Test Set 

SOURCE Z; 2 K ohms 
LOAD/.: 5180 ohms 

PIN NO. R to E79 
FUNCTION: Counter Program 2 
VOLTAGE; 0V to 0.4V/ 

2. 4 V to 5. 5V DC 
ORIGIN: Counter 

DESTINATION: Test Set 

SOURCE Z; 2 K ohms 
LOAD Z: 5 180 ohms 

PIN NO. S to E77 
FUNCTION; Counter Program 4 
VOLT'GE: 0V to 0.4V/ 

2. -r V to 5. 5 V DC 
ORIGIN: Counter 

DESTINATION: Test Set 

SOURCE Z: 2 K ohms 
LOAD Z: 5180 ohms 



ITLE: 


2873-545-104 


CONNECTOR FUNCTION 
TEST SET INTERFACE 


MODEL; DCMS 
REVISION: A 

CONNECTOR: J2 AFD54-1 8-32S W 


PIN NO. T to E78 

FUNCTION: Counter Program 8 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5 V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z; 2 K ohms 
LOAD Z: 180 Ohms 

PIN NO. U to E98 

FUNCTION: Counter Program 16 

VOLTAGE: 0V to 0.4V/ 

2.4 V to 5. 5 V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z; 2 K ohms 
LOAD Z: "£180 ohms 

PIN NO. V to E95 

FUNCTION: Counter Program 32 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z: 2 K ohms 

LOAD Z: £180 ohms 


PIN NO. X to E97 

FUNCTION: Counter Program 64 

VOLTAGE; 0V to 0.4V/ 

2. 4V to 5. 5 V DC 
ORIGIN: Counter 

DESTINATION: Test Set 

SOURCE Z; 2 K ohms 

LOAD Z: < 1 80 ohms 


PIN NO. Y to El 21 

FUNCTION: Counter Program 256 

VOLTAGE; 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z; 2 K ohms 
LOAD Z: 5180 ohms 


PIN NO. Z to El 22 

FUNCTION:' Counter Program 512 
VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 

ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z: 2 K ohms 

LOAD Z: £180 ohms 


PIN NO. W to E96 

FUNCTION: -Counter Program 128 

VOLTAGE: 0V to 0.4V/ 

2. 4V to 5. 5V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z; 2 K ohms 
LOAD/: £180 ohms 


PIN NO. a to El 20 

I UNCTION; Counter Program 

VOLTAGE: 0V to 0. 4V/ 

2. 4 V to 5. 5 V DC 
ORIGIN: Counter 

DESTINATION: Test Set 
SOURCE Z: 2 K ohms 

LOAD Z; £ ! 80 ohms 


1024 



CONNECTOR FUNCTION 

test set interface 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J2 AFD54-1 8-32CW 


PIN NO. 

b to El 19 

PIN NO. f to J4f/E47 

FUNCTION: 

Counter Program 

2048 FUNCTION: 0 Det Out 

VOLTAGE: 

OV to 0. 4V/ 

2.4V to 5. 5V DC 

VOLTAGE: 

ORIGIN: 

Counter 

ORIGIN: 0 Det 

DESTINATION: Test Set 

DESTINATION: 

SOURCE Z: 

2 K ohms 

SOURCE Z: 

LOAD Z: 

S 1 80 ohms 

LOAD Z: 


PIN NO. c to J2d 

FUNCTION: Common 

VOLTAGE: 


PIN NO. g 

FUNCTION: Spare 

VOLTAGE: 


ORIGIN: 

ORIGIN: 

DESTINATION: Test Set 

DESTINATION: 

SOURCE Z: 

SOURCE Z: 

LOAD Z: 

LOAD Z: 


PIN NO. d to El 24 

FUNCTION: Common 

VOLTAGE: 


PIN NO. h 

FUNCTION: Spare 

VOLTAGE: 


ORIGIN: 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. e 

FUNCTION:- Chassis 
VOLTAGE: 

ORTGIN : 

DESTINATION: Test Set 
SOURCE Z: 

LOAD Z: 


PIN NO. j 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z: 
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1 TITLE: 2873-5*5-104 



MODEL: DCMS 

CONNECTOR FUNCTION L1GI 

REVISION: 

A 

COUN IER/OUTPUT 





CONNECTOR: J3 AFD54-1 8-32FJN 

PIN NO. 

A to E8I 

PIN NO. 

E to E85 

FUNCTION: 

Counter 1 Q 

FUNCTION: 

Counter 4 Q 

VOLTAGE: 

OV to 0. 4 V / 

VOLTAGE: 

OV to 0.4V/ 


2.4 V to 5. 5 V DC 


2. 4 V to 5. 5 V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Up /Down Counter 

DESTINATION: System Interface 

DESTINATION: System Interface 

SOURCE Z: 


SOURCE Z: 


LOAD 7.i 

>10 I< ohms 

LOAD Z: 

> 1 0 K ohms 

PIN NO. 

B to E80 

PIN NO. 

F to E84 

FUNCTION: 

Counter 1 Q 

FUNCTION: 

Counter 4 Q 

VOLTAGE; 

0V to 0. 4V/ 

VOLTAGE; 

0 V to 0. 4V / 


2. 4 V to 5. 5 V DC 


2. 4 V to 5. 5 V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Up/Down Cauntei* 

DESTINATION: System Interface 

DESTINATION: System Interface 

SOURCE Z: 


SOURCE Z: 


LOAD Z : 

? 1 0 K ohms 

LOAD Z: 

2 10 K ohms 

PIN NO. 

C to E83 

PIN NO. 

G to E87 

FUNCTION: 

Counter 2 Q 

FUNCTION: 

Counter 8 Q 

VOLTAGE: 

OV to 0. 4 V/ 

VOLTAGE: 

0V to 0. 4 V/ 


2.4V to 5. 5V DC 


2. 4 V to 5. 5 V DC 

ORIGIN 

Up/Down Counter 

ORIGIN: 

Up/Down Counter 

DESTINATION: System Interface 

DESTINATION: System Interface 

SOURCE Z: 


SOURCE Z: 


I./OA D 7; 

2 10 K ohm s 

LOAD Z: 

^ 10 K ohms 

PIN NO. 

D to E82 

PIN NO. 

H to E86 

FUNCTION: 

-Counter 2 Q 

FUNCTION: 

Counter 8 Q 

VOLTA* ;E : 

0V to 0„ 4 V/ 

VOLTAGE; 

0V to 0. 4 V 


2. 4 V t S. 5V DC 


2. 4 V to 5. 5 V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Up/ Down Counter 

DESTINATION: System Interface , 

DESTINATION: System Interface 

SOURCE Z: 


SOURCE Z; 


LOAD Z: 

Z 10 K ohms 

IOAD Z: 

2 10 K ohms 



CONNECTOR FUNCTION 
TEST SET INTERFACE 


TITLE: 2873- 54 r >- 104 

MODEL: DCMS • 

REVISION: A 

CONNECTOR: 73 Af 8-32PN 


PIN NO. J to E89 
FUNCTION: Counter 16 Q 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: >10 K ohms 


PIN NO. N tr> Ei04 
FUNCTION: Counter 64 Q 
VOLTAGE: 0V to 0, j V/ 

2.4V to g.5V 3>.C 
ORIGIN: Up/Dov^-fj Counter 

DESTINATION: System interface 
SOURCE Z: 

LOAD Z; >10 K (HtwjS 


PrN NO. K to E88 
FUNCTION: Counter 16 Q 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z; > 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


P to FN oi 

Counter 64 Q 
0V to 0.4V/ 

2. 4 V to o . 5V DC 


ORIGIN: Up/Down Counter 

DESTINATION: System interface 
SOURCE Z: 

LOAD Z: >10 K ohms 


PIN NO. L to E91 
FUNCTION: Counter 32 Q 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: > 10 K ohms 


PIN NO. K ( u tjitb 

FUNCTION: CAWntOi' U8 Q 

VOLTAGE: 0V to 0.4 V/ 

2. 4 V to 5. 5 V DC 
ORIGIN: Up/Do.\\ n Count oir 

DESTINATION; .System Interface 
SOURCE Z: 

LOAD Z; > 10 K -lima 


PIN NO. M to E9 0 

FUNCTION: Counter 32 Q 

VOLTAGE: 0V to 0.4V/ 

2. 4V to 5. 5V DC 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: >10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


y to i'NOb 

Counter I 2 8 Q 
0V to u. IV/ 

2. 4V i ( > DO 


ORIGIN: rlp/Dovvn Cmuitei 4 

DESTINATION: System interface 
SOURCE Z: 

LOAD Z: >10 K ohms 



CONNECTOR FUNCTION 
COUNTER/OUTPUT 


PIN NO. T to E108 

FUNCTION: Counter 256 Q 

VOLTAGE: OV to 0.4V/ 

2.4V to 5. 5 V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: > 10 K ohms 

PIN NO. U to E107 

FUNCTION: Counter 256 Q 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORICIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z : 

LOAD Z: 210 K ohms 

PIN NO. V to E110 

FUNCTION: Counter 512 Q 

VOLTAGE: 0V to 0. 4V/ 

2.4V to 5. 5V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: - 10 K ohms 

PIN NO. W to E109 

FUNCTION: Counter 512 Q 

VOLTAGE: 0V to 0.4V/ 

2. 4 v' to 5. 5 V DC 
ORIGIN: Up/ Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: . 2 10 K ohms 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J3 AFD54-1 8-32PN 


PIN NO. X to El 12 

FUNCTION: Counter 1024 Q 

VOLTAGE: 0V to 0.4V/ 

2. 4 V to 5. 5 V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 2 10 K ohms 

PIN NO. Y to ELI 1 

FUNCTION: Counter 1024 Q 

VOLTAGE: 0V to 0.4V 

2.4V to 5. 5V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z; 

LOAD Z: >10 K ohms 

PIN NO. Z to El 14 

FUNCTION: Counter 2048 Q 

VOLTAGE: 0V to 0.4V/ 

2. 4 V to 5. 5 V DC 
ORIGIN: Up/Down Counter 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: >10 K ohms 

PIN NO. a to El 1 3 

FUNCTION: Counter 2048 Q 

VOLTAGE; 0 V to 0.4V/ 

2. 4 V to 5. 5 V DC 
ORIGIN. Up/Down Counter 

DESTINATION: System Interlace 
SOURCE Z: 

LOAD Z: >10 K ohms 



CONNECTOR FUNCTION 
COUNTER /OU TPU T 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J3 AFD54-1 8-32 PN 


b to E63 PIN NO. 1 

ADC/DAC Analog Out FUNCTION; Chassis 

0V to 5 V DC VOLTAGE; 


PIN NC. 

FUNCTION: 

VOLTAGE: 

ORIGIN: ADC/DAC 

DESTINATION: System Interface 
SOURCE Z: 1 K ohms 

LOAD Z: >100 K ohms 


ORIGIN: 

DESTINATION: System Interface 

SOURCE Z; 

LOAD Z: 


PIN NO. c to j3e 

FUNCTION: Common 

VOLTAGE: 


PIN NO. g 

FUNCTION: Spare 

VOLTAGE: 


ORIGIN: 

DESTINATION: System Interface 
SOURCE Z; 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 

I jOA D Z: 


PIN NO. d to E62 PIN NO. h 

FUNCTION: ADC/DAC Ref. Out FUNCTION: Spare 

VOLTAGE: 5 V DC VOLTAGE: 


ORIGIN: ADC/DAC 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO.. e to J5N 

FUNCTION; common 
VOLTAGE; 


PIN NO. 

FUNCTION: 

VOLTAGE: 


ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z: 




CONNECTOR FUNCTION !-•-£ 
POINT SENSOR OUTPUT 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: .14 AFD54-1 8-32 PW 


PIN NO. 

FUNCTION: 

VOLT'vGE: 


A to E19 
3 Bit Word 1 Q 
0V to 0. 4V / 

2. 4 V to 5. 5 V DC 


O RIG IN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z : 

LOAD Z: > 10 K ohms 


PIN NO. 

FUNCTION- 

VOLTAGE: 


E to E23 
3 Bit Word 4 Q 
0V to 0. 4V/ 

2. 4V to 5. 5V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD /.; 2 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


B to El 7 
3 Bit Word 1 Q 
0 V to 0. 4 V/ 
2.4V to 5. 5V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD 7: 210 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

I JO AD Z; > 


F to E20 
3 Bit Word 4 Q~ 

0 V to 0. 4 V/ 

2.4V to 5. 5 V DC . 
Point Sensor 
System Interface 

10 K ohms 


PIN NO. 
FUNC 1 ION: 
VOLTAGE: 

ORIGIN: 


C to E21 
3 Bit Word 2 Q 
0 V to 0. 4 V/ 
2.4V to 5. 5 V DC 
Point Sensor 


DESTINATION: System Interface 
SOURCE Z: 

LOAD /.: >10 K ohms 


PIN NO. 
FUNCTION: • 
VOLTAGE: 


G to El 6 
Point Sensor 1 Q 
0 V to 0.4 V/ 

2. 4 V to 5. 5 V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

IX) AD Z: >10 K ohms 


PIN 1\\>. 

FUNCTION: 

VOLTAGE: 


ORIGIN: 


D t° El 8 
-3 Bit Word 2 Q~ 

0 V to 0. 4 V/ 

2.4V to J„ 5 V DC 
Point Sensor 


DESTINATION: System Interface 
SOURCE Z: 


LOAD Z; 210 K ohms 


PIN NO. 
FUNCTION: 
VO I I’. VGE: 


j j to E 1 4 

Point Sensor 1 Q 
0 V to 0. 4 V / 

2.4 V to 5„ 5V I)C 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: -10 K ohms 





TITLE: 2873-545-104 

MODEL: DCMS 

CONNECTOR FUNCTION REVISION: A 

POINT SENSOR OUTPUT CONNECTOR: J4 AFD54-1 8-32PW 


PIN NO. 
FUNCTION: 
VO L'J’AGE; 


j to El 5 
Point Sensor 2 Q 
0V to 0. 4 V/ 


2. 4 V to 5. 5 V DC 
ORIGIN; Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: >10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


B to E8 
Point Sensor 4 Q 
0V to 0. 4 V/ 

2.4V to 5. 5V DC 


ORIGIN; Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: >10 K ohms 


PIN NO. K to El 3 

FUNCTION: Point Sensor 2 Q 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: > 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


p to E9 
Point Sensor 4 Q 
0V to 0.4V/ 

2.4V to 5. 5V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

IXDAD Z: ^ 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


L to Ell 
Point Sensor 3 Q 
0V to 0. 4 V/ 

2. 4 V to 5. 5V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: > 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


R to E7 
Point Sensor £ Q 
0V to 0. 4V/ 

2.4V to 5. 5V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOUPCE Z: 

LOAD Z : > 10 K ohms 


PIN NO. 
FUNCTION: 
VOLTA GE: 


M to El 2 

Point Sensor 3 Q 
0V to 0.4V/ 

2. IV to 3. dV DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z; > 10 K ohms 


PIN NO. 

FUNCTION: 

VOLTAGE: 


S to E10 

Point Sensor 5 Q 
0V to 0. 4 V/ 

2. 4 V to 5. 5 V DC 


ORIGIN.* Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 210 K ohms 



TITLE: 2873-54-5- 104 

MODEL: DCMS 


CONNECTOR I- UNCTION REVISION: A 

POINT SENSOR OUTPUT 

CONNECTOR: J4 AFD54-1 8-32PW 


PIN NO. T to E24 

FUNCTION: Point ggjssor 6 Q 

VOLTAGE: 0V to 0. 4V/ 


2. 4V to 5. 5V DC 
ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z; ?1C K ohms 


PIN NO. X to FL2 

FUNCTION; -28 V in 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z; 

LC;AD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 


U to E22 __ 
Point Sensor 6 Q 
0 V to 0. 4 V/ 

2. 4 V to 5. 5 V DC 


ORIGIN: Point Sensor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z : £ 10 K ohms 


PIN NO. y to FL2 

FUNCTION: -28 V in 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


PIN NO. V to FL1 

FUNCTION: +28 V in 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE: 


to J 4a 

Common 


ORIGIN: 

DESTINATION: System Interface 

SOURCE Z: 

LOAD Z: 


ORIGIN: 

DESTINA TION: System Interface 
SOURCE Z: 

LOAD Z: 


PIN NO. W to FL1 

FUNCTION: +28 V in 
VOLTAGE: 


PIN NO. 
FUNCT T ON: 
VOLTAGE : 


a to J2c/J4Z 
Common 


ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


ORIGIN: 

DESTINATION: System Interface 
SOURCE Z : 

LOAD Z: 



CONNECTOR FUNCTION 
POINT SENSOR OUTPUT 


PIN NO. b 

FUNCTION: Chassis 

VOETAGEs 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Zi 
LOAD Z; 

PIN NO. c to Jlc 

FUNCTION: Low Simulate 

VOLTAGE: 

ORIGIN: 

DESTINATION; 

SOURCE Z: 

LOAD Z : 


PIN NO. d to Jld 

FUNCTION: High Simulate 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z; 

LOAD Z: 


PIN NO. e to Jle 

FUNCTION: Full Probe Test 

VOLTAGE: 

ORIGIN: 

DESTINATIO- - 
SOURCE Z: 

LOAD Z: 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J4 AFD54-1 8-32PW 


PIN NO. f to E47 

FUNCTION: 0 Det Output 

VOLTAGE; 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


PIN NO. g 

FUNCTION: Spare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z ; 

LOAD Z: 


PIN NO. h 

FUNCTION: ; . Spare 
VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z : 

PIN NO. j 

FUNCTION: Snare 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 

LOAD Z: • 



2873-545-104 


CONNECTOR FUNCTION ^ 
HEALTH MONITOR 


TITLE: 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J5 AFD54-1 4-19PN 


PIN NO. 

A to El 1 7 

PIN NO. 

E to E56 

FUNCTION: 

Below Range Inh. Q 

FUNCTION: 

Op/Non-Op Q 

VOLTAGE: 

0 V to 0. 4V/ 

VOLTAGE: 

0V to 0.4V/ 


2.4V to 5. 5V DC 


2.4V to 5. 5V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Health Monitor 

DESTINATION: 

System Interface 

DESTINATION: 

System Interface 

SOURCE 2- 


SOURCE Z: 


LOAD Z: ^ 

10 K ohms 

LOAD Z: 

£T0 K ohms 

PIN NO. 

B to E118 

PIN NO. 

F to E55 

FUNCTION: 

Below Range Inh. Q 

FUNCTION: 

Op/Non-Op Q 

VOLTAGE: 

0V to 0.4V/ 

VOLTAGE; 

0V to 0. 4V/ 


2.4V to 5. 5V DC 


2.4 V to 5. 5V .DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Health Monitor 

DESTINAT ION: 

System Interface 

DESTINATION: 

System Interface 

SOURCE Z; 


SOURCE Z: 


LOAD Z: 2 10K ohms 

I DAD Z: 

^lOK ohms 

PIN NO. 

C to El 1 5 

PIN NO. 

G to E51 

FUNCTION: 

Overrange Inh. Q 

FUNCTION: 

Health Mon-Pwr Sup Q 

VOLTAGE: 

0V to 0. 4 V/ 

VOLTAGE: 

0V to 0. 4V / 


2.4 V to 5. 5V DC 


2.4V to 5. 5V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Health Monitor 

DESTINATION: 

System Interface 

DESTINATION: 

System Interface 

SOURCE Z: 


SOURCE Z: 


LOAD Z: > 

10 K ohms 

LOAD Z: 

> 10 K ohms 

PIN NO. 

D to El 16 

PIN NO, 

H to E52 

FUNCTION: 

Over Range Inh. Q 

FUNCTION: 

Health Mon-Pwr Sup Q 

VOLTAGE: 

0 V to 0. 4 V/ 

VOLTAGE; 

0 Vto 0.4 V/ 


2. 4 V to 5. 5 V DC 


2.4 V to 5. 5 V DC 

ORIGIN: 

Up/Down Counter 

ORIGIN: 

Health Monitor 

DESTINATION: 

System Interface 

DESTINATION: 

System Interface 

SOURCE Z : 


SOURCE Z: 


LOAD Z: > 

10 K ohms 

LOAD Z: 

y 10 K ohms 



CONNECTOR FUNCTION 
HEALTH MONITOR 


PIN NO* J to E49 

FUNCTION: Health Mon-Bridge Os 

VOLTAGE: Q OV to 0.4V/ 

2. 4V to 5. 5 V DC 
ORIGIN: Health Monitor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: ? 10 K ohms 

PIN NO. K to E54 

FUNCTION: Health jVlon- Bridge 

VOLTAGE; 0V S to 0?4V/ 

2.4V to 5. 5V DC 
ORIGIN: Health Monitor 

DESTINATION: System Interface 
SOURCE Z: 

I/OAD Z: Z 10 K onrns 

PIN NO. L to E50 

FUNCTION: Health Mon-Clock Q 
VOLTAGE; 0V to 0. 4V/ 

2.4V to 5. 5V DC 
ORIGIN: Health Monitor 

DESTINATION:' System Interface 
SOURCE Z: 

LOAD Zr -10 K ohms 

PIN NO. M to E53 __ 

FUNCTION: Health-Mon-Clock Q 
VOLTAGE: 0V to 0. 4V/ 

2. 4V to 5. 5V DC 
ORIGIN: Health Monitor 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z; - 1 0 K ohms 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J5 AFD54-14-19PN 


PIN NO. N to J5P 

c FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


PIN NO. P to J4Z 

FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 

PIN NO. R to J1R 

FUNCTION: Clock Inhibit 

VOLTAGE: 0V to 0.4V/ 

2.4V to 5. 5V DC 
ORIGIN: External Source 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 

PIN NO. S 

FUNCTION: Chassis 

VO I TAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z : 

LOAD Z: • 



CONNECTOR FUNCTION 
HEALTH MONITOR 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J5 AFDS4-14-19 PN 


PIN NO. T 

FUNCTION: Spare 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. U 

FUNCTION: Spare 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 
FUNCTION: 

1 Tt-'. T T* A TT' 

. , I / VviiL, : 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: • 



TITLE: 2873-545-104 

MODEL: DCMS 
REVISION: A 


CONNECTOR FUNCTION 
UNKNOWN INPUT 

CONNECTOR: J6 TNC KA 7959 


PIN NO. 
FUNCTION: 
VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: • 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN; 
DESTINATION: 
SOURCE Z; 
LOAD Z: 


Center Conductor to E44PIN NO 
Unknown Input 

System Interface 


Shield to E42 
Common 


System Interface 



•. a I'iNKt tor fungtii mm 
reference input 

'PIN NO, Center Conductor to E4i 

FUNCTION: Reference Input 

v’ i ) IjTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 
i OAD /■: • 

PIN NO. Shield to E4I 

FUNCTION: Common 

VO LTAGE; 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z; 

LOAD Z: 

i ill N O . 

V'UNCTIO N: 

VOLTAGE; 

ORIGIN: 

DESTINATION: 

SOURCE Z; 

IX) AD Z: 


PIN NO. 

FUNCTION; 

VOLTAGE: 

ORIGIN: 

D E S T I N A TXOj' • : 

SOURCE Z: 
LOAD Z: 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J7 TNG KA79V) 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
IXAD Z: 


FIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD /.: 

i -;n Nv > 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

o.;r: IN: 
DESTINATION: 
SOURCE Z; 
LOAD Z; 



TITLE: 2873-545-104 

MODEL: DCMS . 

CONNECTOR FUNCTION REVISION: A 

BRIDGE OS C OUTPUT 

CONNECTOR: J8 TNC KA7959 


PIN NO. Center Conductor to E35 

PIN NO. 

FUNCTION; Bridge Osc E + 

FUNCTION: 

VOLTAGE: 

VOLTAGE: 

ORIGIN: Bridge Oscillator 

OR IGIN: 

DESTINATION: System Interface 

DESTINA TION: 

SOURCE Z; 

SOURCE Z: 

LOAD Z: 

LOAD Z; 

PIN NO. Shield to E32 

PIN NO. 

FUNCTION: Common 

FUNCTION: 

VOLTAGE: 

VOLTAGE: 

ORIGIN: 

ORIGIN: 

DESTINATION: System Interface 

DESTINATION: 

SOURCE Z: 

SOURCE Z: 

LOAD 7.i 

LOAD Z: 

PIN NO. 

PIN NO. 

FUNCTION: 

FUNCTION: 

VOLTAGE: 

VOLTAGE: 

ORIGIN: 

ORIGIN: 

DESTINATION: 

DESTINATION: 

SOURCE Z: 

SOURCE Z: 

LOAD Z; 

LOAD Z: 

PIN NO. 

PIN NO. 

FUNCTION: 

FUNCTION: 

VOLTAGE; 

VOLTAGE; 

ORIGIN'; 

ORIGIN: 

DESTINATION: 

DESTINATION: 

SOURCE Z; 

SOURCE Z: 

LOAD Z : 

LOAD Z- 


f 



CONNECTOR FUNCTION 
BRIDGE OSC OUTPUT 


TITLE: 2P.73-545-I04 

MODEL: DGMS 

REVISION: A 

CONNECTOR: J9 TNC KA7959 


PIN NO. Center Conductor to E34 
FUNCTION: Bridge Osc E- 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE; 


ORIGIN: Bridge Oscillator 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: 


PIN NO. Shield to E31 

FUNCTION: Common 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE; 


ORIGIN; 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINA TION: 
SOURCE Z: 
LOAD Z; 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z; 


PIN NO. 

FUNCTION: 

VOLTAGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z; 
LOAD Z; 



CO N N E C TO F F U M C T I O N 
P( ) LN T SENSi » R IN PTJ T 


PIN NO. Center Conductor to E25 
FUNCTION: Point Sensor #1 

VOLTAGE; 

ofjini: 

DLSTINA 1’ION: System Interface 
SOPP.GE Z: 

LOAD Z; 

PIN NO. Slue Id to E26 

FUNCTION: Commor 

VOLTA CL; 

O R i G IN : 

DESTINATION: System Interface 
SOURCE Z : 

LOAD /.: 

IAN NO. 

F U i' :f .'■’!•<“] N: 

VOLTAGE: 

ORIGIN: 

DESTINATION- 
SOURCE Z; 

LOAD Z: 

PIN NO. 

FUNCTION; 

VOLTAGE; 

< >RiCiN; 

DESJ'INA rjON: 

SOURCE Z; 

LAMP 7; 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

TONNE C TOR: J10 TNC KA7959 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
.LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION; 
SOURCE Z: 

IX) AD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN; 

DESTINATION: 
SOURCE Z; 
LOAD Z; 



CONNECTOR FUNCTION 
POINT SENSOR INPUT 


PIN NO. Center Conductor to E27 
FUNCTION: Point Sensor #2 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 

PIN NO. Shield to E28 

FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: Jll TNC KA7959 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z : 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

PIN NO. 
FUNCTION: ' 
VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z : 

PIN NO. 

FUNCTION: 

VOLTAGE: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 



CONNECTOR FUNCTION 
POINT SENIOR INPUT 


PIN NO. Center Conductor to E29 
FUNCTION: Point Sensor # 3 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z : 

PIN NO. Shield to E30 

FUNCTION: Common 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z; 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 


TITLE: 2873-545-104 

MODEL: DCMS 

REVISION: A 

CONNECTOR: J12 TNC KA7959 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z; 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z; 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN- 
DESTINATION: 
SOURCE Z: 
LOAD Z: 



TITLE: 


2873-545-104 


CONNECTOR FUNCTION 
POINT SENSOR INPUT 


PIN NO. Center Conductor to E5 
FUNCTION: Point Sensor #4 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 


PIN NO. Shield to E6 

FUNCTION: Common 

VOLTAGE; 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z; 

LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 

DESTINATION: 

SOURCE Z: 

LOAD Z: 


MODEL: DCMS 

REVISION: A 

CONNECTOR: J13 TNC KA7959 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTRMA TION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z : 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z : 
LOAD Z : ■ 



TITLE: 2873-545-104 

MODEL: DCMS 

CONNECTOR FUNCTION REVISION: A 

POINT SENSOR INPUT 

CONNECTOR: J14 TNC KA7959 


PIN NO. Center Conductor to El 
FUNCTION: Point Sensor #5 

VOLTAGE: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z: 

LOAD Z: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. Shield to E2 

FUNCTION: Common 

VOLTAGE: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 

DESTINATION: System Interface 
SOURCE Z; 

LOAD Z; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

ORIGIN; 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 

PIN NO. 

FUNCTION: 

VOLTAGE; 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z; 

ORIGIN: 
DESTINATION: 
SOURCE Z; 
LOAD Z; - 



TITLE: 2873-545-1 04 

MODEL: DCMS 

REVISION: A 


CONNECTOR FUNCTION 
POINT SENSOR INPUT 

CONNECTOR: J15 TNC KA7°59 


PIN NO. Cente 

FUNCTION: 

VOLTAGE: 

r Conductor to E3 
Point Sensor # 6 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: • 

System Interface 

ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z; 

PIN NO. 

FUNCTION: 

VOLTAGE: 

Shield to E4 
Common 

PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINAT ION: 
SOURCE Z: 
LOAD Z: 

System Interface 

ORIGIN: 
DESTINATION: 
SOURCE Z; 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z; 
LOAD Z: 


ORIGIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 

PIN NO. 

FUNCTION: 

VOLTAGE: 


PIN NO. 

FUNCTION: 

VOLTAGE: 

ORIGIN: 
DESTINATION: 
SOURCE Z j 
LOAD Z: 


CILCIN: 
DESTINATION: 
SOURCE Z: 
LOAD Z: 



4.2.2 


MECHANICAL 


4. 2. 2. 1 Construction 

The DCMS unit is modular in design permitting easy removal of PC Board 
Assemblies. The PC Board Assemblies are conformal coated for environ- 
mental protection. 

4. 2. 2. 2 Size 

The DCMS unit has a volume of 360 cubic inches not including mounting 
bosses or connector protrusions. The unit is 6 inches wide by 6.5 inches 
high by 9.2 inches long. 

4. 2. 2. 3 Weight 

The weight of the DCMS unit is 12 pounds maximum. 

4. 2.2.4 Conne ctor 

The DCMS unit has 15 connectorsmounted on the top surface. The 15 
connectors consist of 10 co-axial connectors and 5 multi-pin connectors. 



5.0 


ENGINEERING MODELS 


The hardware phase of the contract consisted of a breadboard and three 
engineering models. The breadboard was used to prove out the basic design 
as well as the multi-mode aspects of the DCMS unit. Three engineering 
units were then fabricated incorporating specific modes of operation. These 
modes are delineated below. 

ENGINEERING MODEL NO. 1 

Operation Mode - Absolute Capacitance 
Operating Range 

Continuous - 60 to 70 pf 

Discrete - 5 to 8 pf (5. 5 pf threshold switch point) 
Bridge Excitation Frequency - 90 kHz 
Continuous digital output - 12 bits 
Continuous Bridge input impedance - 5 ohms 
Counter clock free-running frequency - 100 Hz 
Maximum Sync frequency -2.5 kHz 

ENGINEERING MODEL NO. 2 

Operation Mode - Absolute Capacitance 
Operating Range 

Continuous - 100 to 120 pf 

Discrete - 5 to 8 pf (5. 5 pf threshold switch point) 
Bridge Excitation Frequency - 60 kHz 
Continuous digital output - 12 bits 
Continuous Bridge input impedance - 5 ohms 
Counter <~ 1 ock free-running frequency 100 Hz 
Maximum Sync Frequency - 2, 5 kHz 



ENGINEERING MODEL NO. 3 


Operation Mode - Capacitance Difference 
Operating Range 

Continuous + 20 pf probes capacitance 400-800 pf 

Discrete - 5 to 8 pf (5. 5 pf threshold switch point) 
Bridge Excitation Frequency - 30 kHz 
Continuous digital output - 12 bits 
Continuous Bridge input impedance - 5 ohms 
Counter clock free-running frequency - 100 Hz 
Maximum Sync Frequency - 2. 5 kHz 


All three engineering units were thermally tested and performance monitored 
using the DCMS Test Set. The result of these tests are included in this 
section. Based on these tests, the electrical design goals were reached 
and successfully demonstrated. 
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TITLE 


DCMS 


SCI SYSTEMS, INC, 


Range L & - 7 C p ^ Freq. 


MODEL 2873000- 1 


REVISION DATE PAGE_^LOF_ 

Serirl.No. 0 0! 

'Ho c V\ z. Cable Length 5 FT 


Probe Capacitance (pf) for Indicated Count 


7 1°C 


Rem a rks 



3200 
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3800 
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SCI SYSTEMS. INC 


TITLE. 

MODEL 


DCMS 

2873000-1 


Freq. r -\ o l_ W , 


REVISION DATE 

Serial No. O O ! 


Cable Length 5 ft.. 

Point Sensor Threshold Capacitance 


Sensor 

, 

o 

o 

O 

1 

5- b 5 i 

2 
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5 • S lo 6 
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DC MS DISPLAY UNIT 


6. 0 

The DCMS Display Unit is designed to provide a digital display of capacitance 
measurements of the DCMS unit. Twelve LED lamps arc used to indicate 
the output state of each counter. A four digit decimal display is also provided. 
Three LED lamps arc used to indicate the point sensor probe data. Six 
other LED lamps are used to indicate below range, over range, bridge 
oscillator, clock oscillator, power supply, and an operatc/non-operate 
condition. The display unit also provides a provision to program the counter 
to any number between zero and 4095. This may be accomplished by setting 
the Gperate/Calibrate switch (S13 on DCMS Display Schematic drawing 
number 2873100) to calibrate. This allows switches SI thru S12 to set each 
stage of the counter to a M l" or "0" output state. Closing S12 would indicate 
2048 on the four digit decimal display and the 2048 lamp would light up. The 
calibrate position of S13 is very useful, for testing and calibration. 

Three additional switches arc provided S14, S15, andSlb. These are push 
button switches which energize relays to simulate capacitance probe levels 
of 5% for S14, 90% for S15 and S16 is used as a functional check for a full 
probe. Switch S16 will subs tract about 5% from a full scale count. 

Transistors Ql, Q2, and Q3 and integrated circuits Ul, U2, and U3 are used 
as lamp di ivers for the 21 LED indicator lamps. 

The 12 bit counter signals drive 12 LED lamp drivers and a binary to BCD 
converter located on board 2. Integrated circuits A1 thru A8 arc used to 
convert the binary data to BCD data. A1 thru A8 contains a 256 bit read- 
only memory in each IC. The outputs of the converters go into BCD decoder- 
drivers A9 thru A12. The decoder drivers drive 4 LED 7 segment readouts 
DS1 thru DS4 located on board 1. 






DC MS Display Unit 


Photograph 






















Several test points are available on the rear panel. These are: Error 

Signal Low, Error Signal High, ADC/DAC Analog Output, Clock Inhibit, 
and Clock Sync. Power to operate the Display Unit is +5 volts applied to 
a jack on the r^ar panel. 



7. 0 


OPERATING INS 'J RUCTIONS 


Specific operating instructions will depend upon the application of f lu: DC MS. 
Certain controls, test: points, and test equipment, are common to all functions 
and are described in the general operating instructions. Specific operating 
instructions for three representative functions are given. 

7. 1 TEST EQUIPMENT 

The following basic test equipment, or equivalent, is required as a minimum 
for proper set up and calibration of t he DC MS. 

a) Wideband dual tract: DC oscilloscope 

b) Power supply - 28 volt 10% @ 1A 

i 

c) Air capacitor - General Radio type 

1422CJ3 50 to 1100 P F 2 each 

d) Air capacitor - General Radio type 

1403 - G 10 pF + . 1% 2 each 

e) DC MS DISPLAY UNIT 
7. 1. 1 Test Points (Int< rnal) 

Interna] test points for the point sensor circuit are available on each point 
sensor board. 

7. 1, 2 Test Points (E x ternal) 

Various test points arc available on test connectors J1 and J2. When the 
DC MS Display Unit is connected to J1 and J2, these test points are then 
available on the rear panel of the DCMS Display Unit. 
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7.2 


COMMON SYSTEM ADJUSTMENTS 


Five system adjustments are applicable to any function. These are error 
amplifier bandpass filter, oscillator frequency, demodulation phase, error 
amplifier gain and window threshold. Three of these, error amplifier 
bandpass filter, oscillator frequency, and demodulator phase adjust, are 
set at the time of fabrication and should not be changed. 

7. 2. 1 Error Amplifier Bandpass Filter 

This consists of two tuned transformers which are tuned for a peak in error 
amplifier output at the oscillator frequency. These adjustments are set at 
the time of fabrication and should not be changed. 

7.2.2 Oscillator F r equency 

A slug in the oscillator transformer adjusts the frequency to the center of the 
bandpass of the bandoass filter. This is adjusted for zero phase shift of 
the error signal thru the bandpass filter, which gives maximum rejection 
of the in-phase signal in the automatic null quadrature circuit, This 
adjustment is set at the time of fabrication and should not be changed. 

7.2.3 Phase Detector Phase Adjust 

A potentiometer is provided to adjust the phase of the drive voltage to a 
phase shift of 90° and give maximum rejection of quadrature inthe in-phase 
phase detector. This adjustment is set at the time of fabrication and should 
not be adjusted unless the bridge capacitors are changed for a different 
range, this adjustment affects the tempo: ature compensation. 

7.2.4 Error Amplifier Gain 

This adjustment is used to prevent saturation of the error amplifier output 




when large capacitance values are being measured. Adjust the gain as high 
as possible without, saturation or excessive noise. 

7. 2. 5 Window Threshold 

This potentiometer is adjusted to eliminate up-down count oscillation and to 
add some noise immunity to the system. Connect oscilloscope to pin f of 
connector J4, phase detector output. Turn the window threshold potentiometer 
fully counterclockwise (about 20 turns). Adjust the unknown capacitor for 
+ 1 volt out of the phase detector. Note the readout count, slowly turn the 
window threshold potentiometer clockwise until the readout increases 1 count. 
This sets the threshold to +_ 1 volt and is only a ty: .cal setting. A full scale 
range of 5 pF would require a lower threshold th a a full scale range of 
1000 pF. 



7.3 


SET-UP AND CALIBRATION 


The following instructions arc for three types of uses of which the DCMS is 
capable. Distinct similarity of the three cases are to be noted. Referring 
to Figure 2 for component location, to measure absolute capacitance the 
bridge components are set up as follows: 

C15-C16 = unknown capacitance external to the unit 
C19-C20 = 0 

C21-C22 = Base reference set at initial value of C15-C16 

C17-C18 = Range reference set at total change of C15-C16 

To measure Capacitance ratio: 

C15-C16 = unknown capacitance subject to several variables 
only one of which is to be measured. 

C17-C18 = external reference capacitor subject to all variables 
of C15-C16 except the one to be measured. 

C19-C20 = base or initial value of C17-C18 
C21-C22 = base or initial value of C15-C16 

To measure capacitance differ ence: 

C15 and C21 = external capacitors for which the difference is 

\ 

to be resolved. 

C19-C20 = 0 

C17-C18 - absolute r. ference equal to twice the expected full- 
scale difference between C15 and C21 
C16 = capacitance in parallel with CIS = t- I/2C17-C18. 



The null balance adjustment is the operation of reducing the intial values of 
I and I to zero. Four variable voltage sources are provided to accomplish 
this. A capacitor located on the bridge board connected between a variable 
voltage source and the bridge node will inject a vector current which can be 
varied along the imaginary axis. A resistor, also located on the bridge board, 
will inject a vector current along the real axis. Thu.' , any vector current can 
be injected into the node by varying the two voltage sources and selecting the 
values of the capacitor and resistor. These adjustments are labeled "unknown- 
in-phase" (capacitor) "unknown-quadrature" (resistor) for the unknown node, 
and " reference -in-phase" and "reference-quadrature" for the reference node. 

In some functions it is desirable to have internal transfer capacitors which 
can, on command, be connected to simulate chan_ .-.s in the unknown and the 
reference capacitors. For this purpose three relays are provided having single- 
pole double-throw operation. Fixed capacitors on the bridge board can furnish 
fractional scale simulation upon remote command. The adjustments are labeled 
"p.ube level simulation Mow and high)" and "full probe test". 

7. 3. 1 Absolute Capa citance Set-Up and Cali bration 

To measure an absolute capacitance from 100 pf to 120 pf use the following 
procedure. 

7. 3. 1.1 Preparation 

A 20 pf NPO reference capacitor should be installed for C17-C18. A total 
of 100 pf NPO capacitance should be installed for C21-C22. A combined 
total of 22 pf NPO for C6-C7. C8 = 15 pf NPO. Total of C9 should be 3"0 pf 
NPO and CIO = .o 27 pf NPO. C13 = 68 pf NPO. Cll =27 pf NPO. C14 = 

22 pf NPO. All these components are located on the bridge network board, 
schematic 2873032. 



7. 3.1.2 Null Balance and Calibration 


1. Connect the cables from the DCMS test set to Jl and J2 
for operation of the DCMS Test Set. Connect +5 volt to the 
test set. 

2. Connect the +23V primary supply. 

3. Apply power. 

4. Turn the calibrat. /operate switch on the DCMS Display 
Test Set to Calibrate. 

5. Connect o-.e oscilloscope probe to the test set "Error 
Amplifier" output jack. 

6. Connect the oth r probe to pin f of connector J4, the phase 
detector output. 

7. Arrange to trigger the scope, externally from the excitation 
con 'ector J9. 

8. Conncc: a 100 pf variable air capacitor to cormeef >rs J6 and 

J8. 

9. Set binary control switches to 00 00. Vary the "unknow - • 

quadrature" and "unkn own- in- phase" controls to obtain 
minimum error output and zero output out of the phase 
detector. 

10. Adjust the "Error amplifier gain adjust" for as high a gain 
as possible without saturation < r excessive noise. 

11. Adjust the "window threshold" control to eliminate up-down 
count oscillation and excessive jitter of the counter. 

See 4. 2. 5. 

12. Adjust the "Phase adjust" control for best quadrature rejection. 
Vary the "unknown quadrature" control plus -or-minus 1 or 2 
turns from the null while adjusting the "phase adjust" control 
until the "unknown quadrature" control no longer has an effect 



on the output of the phase detector. The demodulator phase 
is thereby set to reject the unwanted quadrature vector of 
bridge error. Readjust "unknown in-phase" and "unknown 
quadrature" for minimum error. 

13 ,. Temperature compensation must be done after step 12. The 
temperature coefficient of bridge capacitors C21-C22 are 
selected to have a slightly positive coefficient to compensate 
for the basic negative drift of the DCMS. 

14 . Set the binary control switches to 111110100000 and the 
variable capacitor to 120 pf. Adjust reference -in-phase and 
reference quadrature controls for minimum error output and 
zero output of the phase detector. ADC gain adjust control R88 
schematic 2873026, may be used as a fine adjust for getting 
zero volts out of the phase detector. 

15 . Temperature cor >ensation of full scale is next. This is done 
with thermistor network R91, 92, R93, R94 and R95 located 
on the ADC beard, schematic 2873026. R91 is selected to 
compensate for gain charges in the ADC and Bridge circuit. 

A typical value might be about 100K ohms. Repeat step 14. 

16. Set the Calibrate /Operate switch to operate. Set the variable 
capacitor '•o 100 pf, the counter readout should read zero. 

17 . Push the Low Simulate pushbutton on the DCMS Display Unit. 
Adjust the Low Level Simulator Control for a readout count of 200. 

18 . Push the High Level Simulator pushbutton switch and adjust the 
High Level Simulator Control for a readout count of 3600. 

19 . Set the variable capacitor to 120.475 pf. Push the Full Probe 
Tear, pushbutton on the test set and adjust tne Full Probe Test 
Control for a readout count of 3900. 

20 . The unit is now calibrated such that the binary output is pro- 
portional to the unknown capacitance from 100. 000 pf to 120.475 
pf maximum, 



7.3.2 


Capacitance Ratio Set-Up and Calibration 


To measure a capacitance ratio of 20:1 with an unknown initial capacitance 
of 300 pf and an initial capacitance of 15 pf for the external reference 
capacitor*. At the start of measurement, the external reference capacitor 
will increase 20 pf. The unknown capacitor will increase 400 pf for full 
scale. 


7. 3. 2, 1 Preparation 

A 20 K ohm . 005% resir' >r should be installed for R67 and a 1050 ohm . 005% 
resistor for R87 on the ADC board schematic 2873026. The following are 
located on the bridge network board. A 300 pi NPO capacitor should be 
installed for C21. A 1 5 pf NPO capacitor should be inrtalled for C19-C20. 
All. the following capacitors should be NPO. C6-C7 = 400 pf. C8 = 62 pf. 

C9 - 7600 pf. CIO = 560 pf. C13 = 1300 pf. Cll = 560 pf. C14 = 22 pf. 


7. 3.,2. 2 Null Balance and Calibration 


1. Connect cables from the DCMS Display Unit to DCMS J1 and J2 

for ope tion of the test set. Conn ct +5 volts to the test set. 

I 

2. Connect the +28 volt supply. 

3. Apply power. 

4. Set the calibrate /operate switch on the test set to calibrate. 

5. Connect one oscilloscope probe to the test set error amplifier 
output jack. 

6. Connect the other probe to pin f of connector J4, the phase 
detector output. 

7. Arrange to trigger the scope externally from excitation connector 

Jv. 

8. Connect a 50-1100 pf capacitor to connectors J6 and J8. Set the 
capacitor to 300 pf. 



9. Set binary control switches to 00 00. Vary the unknown- 

quadrature and unknown -in -phase controls to obtain minimum 
error output and zero output out of the phase detector. 

10. Adjust the error amplifier gain adjust for as high a gain 
as possible without saturation or excessive noise. 

11. Adjust the window threshold control to eliminate up-down count 
oscillation and excessive jitter of the counter. See 4.2.5. 

12. Adjust the phase adjust control for quadrature rejection. Vary 
the unknown quadrature control plus -or-minus 1 or 2 turns from 
the null while adjusting the phase adjust control until the unknown 
quadrature control no longer has an effect on the entput of the 
phase detector. The demodulator phase is thereby set to re'.ect 

the unwanted quadrature vector of bridge error. Readjust unknown- 
in-phase and unknown quadrature for m inimum error. 

13. Temperature compensation must be done after step 12. The 
temperature coefficient of bridg capacitor C21-C22 (300 pf) 

is selected to have the proper temperature coefficient to cancel 
the drift of the DCMS. 

14. Connect a 5 to 110 pf air variable capacitor to J7 and J8. Set 
the capacitor to 15 pf. Set all of the binary control switches 
high for a readout of 4095, 

15. Adjust reference -in-phase and reference quadrature controls for 
minimum error output and zero output of the phase detector. 

16. Set the unknown capacitor to 700 pf and the reference capacitor 
to 35 pf. Set the operate /calibrate switch to operate. 

17. Adjust ADC gain adjust control R88 (schematic 2873026) for a 
readout count of 4000. If R88 does not ha'*' 0 enough range, 
resistors R82 and R96 may be changed to bring R88 on center 
range. 



18. If excessive quadrature occurs somewhere over the 300 pf to 
700 pf range, R32 may be lowered to reduce the quadrature 
error. 

19. Temperature compensation of full scale is next. This is done 

with thermistor network R91, R92, R93, R94 and R95 located 
on the ADC board, schematic 2873026. R91 is selected to 

compt nsate for gain changes in the ADC and bridge circuit. 

A Typical value might be about 100 K ohms, 

20. Set the unknown capacitor to 300 pf. The counter readout 
should read zero. 

21. Push the Low-Simulate pushbutton on the DCMS Display Unit. 
Adjust the Low Simulate control for a readout count of 200. 

22. Push the High Level Simulate pushbutton switch and adjust the 
High Level Simulate control for a readout count of 3600. 

23. Set the unknown capacitor to 709. 5 pf, the readout should 
read 4095. Pu h the Full Probe Test pushbutton on the test 
set and adjust the Full Probe Test control for a readout count 
of 3900. 

24. The DCMS Unit is now calibrated to read capacitance ratio 
with a ratio of 20:1 full scale. The unknown capacitance range 
is 300 pf to 700 pf and the external reference changes from an 
initial value of 15 pf to 35 pf when measurement starts. 


7. 3. 3 Capacitance Difference Set-Up a nd Calibration 

To measure the capacitance difference of two capacitors with a nominal value 
of 400 pf to 800 pf with a capacitance difference of + 20 pf, use the following 
procedure. 



7.3.3. 1 


Preparation 


A 870 pf NPO capacitor should be installed in C24 for a reference capacitor. 
The following capacitors should be NPO temperature coefficient. C7 = 47 pf. 
C8 = 22 pf. CIO = 68 pf. C13 = 47 pf. Cll - 47 pf. C14 = 47 pf. C23 = 

470 pf. R23 = 24K. R25 = 16K. R32 = 3. 9K. A jumper wire should be 
soldered on the terminals to connect the wiper of potentiometer R1 Differen- 
tial Balance Adjust to bridge -ground printed circuit pin No. 33. All these 
components are located on the bridge network board, schematic 2873032. 


7. 3.3. 2 Null Balance and Calibration 


1. Connect the cables from the DCMS Display Unit to DCMS J1 
and J2 for operation of the DCMS display unit. Connect +5 
volts to the display unit. 

2. Connect the +28 V primary supply. 

3. Apply power. 

4. Turn the calibrate /ope rate switch on the DCMS Display Test 
Set to calibrate. 

5. Connect one oscilloscope probe to the test set error amplifier 
output jack. 

6. Connect the other probe to pin f of connector J4, the phase 
detector output. 

7. Arrange to trigger the scope externally from excitation 
connect J9. 

8. Set binary control switches to 00 00. Vary the unknown-in- 

phase and unknown quadrature controls to obtain minimum error 
output and zero output out of the phase detecotr. 

9. Aajust the error amplifier gain adjust for as high a gain as 
possible without saturation or excessive noise. 

10. Adjust the window threshold control to eliminate up-down count 

oscillation and excessive jitter of the counter. See 4. 2. 5. 
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Connect one 50 to 100 pf capacitor to J6 and J8 and another 
one to J9 and J6. Set both capacitors to 800 pf. 

12. Adjust R1 Differential Balance Adjust and unknown quadrature 

to obtain minimum error output. Then adjust unknown in-pho.se 
for zero output out of the phase detector. Do not change R1 again. 

13. Adjust the phase adjust control for best quadrature rejection. 

Vary the unknown quadrature control plus -or-minus 1 or 2 turns 
from the null while adjusting the phase adjust control until the 
unknown quadrature control no longer has an effect on the output 
of the phase detector. The detector phase is thereby set to 
reject the unwanted quadrature vector of bridge error. Readjust 
unknown quadrature for minimum error. 

14. Set the binary control switches to 111110100000 and the E+ 
variable capacitor to 820 pf and the E- capacitor to 780 pf. 

Adjust reference -in-phase and reference quadrature controls 
for minimum error output and zero output of the phase detector. 
ADC gain adjust control R88, schematic 2873026, may be used 

15. Set both capacitors to 800 pf and set the calibrate /operate switch 
to operate, the counter readout should read zero. 

16. Connect + 5 volts to pin e of connector J4 to energize the Full 
Probe Test relay. Adjust the Full Probe Test control for a 
readout of 2000. 

17. Adjust High Level Simulate control for a readout count of 1800 
while depressing the High Level Simulate pushbutton. 

18. Push the Low Simulate pushbutton on the DCMS Display Unit. 
Adjust the Low Level Simulate control for a readout count of 2200. 

19. D.sconnect +5 volts from pine e of J4. With both capacitors 
set to 800 pf, adjust unknown in-phase for zero count and zero 
phase detector output. 



20. Repeat steps 14, 15, 16, 17, 18 and 19. 

21. Temperature compensation must be done after step 20. The 
temperature coefficient of bridge capacitors C21-C22 and 
C15-C16 are selected to compensate for the drift of the DCMS. 

Do not change the adjustment of Rl the differential balance 
adjust. Select capacitors for C15-C16 and C21-C22 to be equal 
with a nominal value of 100 pf. The C21-C22 combination 
should be NPO and the C15-C16 combination should have a 
negative temperature coefficient to cancel the drift of the 

DCMS. The two combinations should be equal at room temperature. 
Capacitors C15-C16 could consist of a small value NPO and a 
large value of silvered mica with a total value of 100 pf. The 
correct combination of NPO and negative mica must be found to 
compensate for drift. 

22. Repeat step 14. 

23. Temperature compensation of full scale is next. This is done 

with the thermistor network R91, R92, R93, R94 and R95 located 
on the ADC board, schematic 2873026. R91 is selected to 

compensate for gain changes in the ADC and bridge circuit. A 
typical value might be about 24 K ohms. 

24. Adjust the unknown in-phase control for zero count and zero 
phase detector output. 

25. Repeat steps 14, 15, 16, 17 and 18. 

26. The DCMS is now calibrated to read the difference of two 

capacitors with 1000--00 indicating no difference, 111110100000 
indicating 20 pf difference and 000 00 indicating 20 pf difference. 



TROUBLESHOOTING CHART 


Sympton 


Probable Cause 


Remedy 


1. Bridge balances 
slowly 


2. Counts in one 
direction only 


2a Counts in one 
direction only 


Clock sync disconnected. 

Bad sync amplifier U9 on 
Up/Down counter board 
No. 2, 2873047 

Phase Detector No. 2873035 


Counter board No. 2, 2873047 


Connect sync, trouble- 
shoot U9 and surrounding 
circuit 

Check pin f of J4 output 
of +3 volts in manual 
operation. If OK, remove 
board and check operation 
of U8 and U9. If Ok go to 
step 2. 

Check operation of 
gate U8. 


3. DCMS does not count Counter Schematic 2873047 
up or down 


Check operation of phase 
detector for +3 volts 
output on pin f of J4 in 
manual mode. If OK 
check counter for trouble. 
If defective, go to step 3a. 


3a DCMS does not Phase Detector 

count up or down Schematic 2873035 


Check error amplifier 
output pin T of Jl. If 
OK, check the phase 
detector board. If not OK, 
go to 3b. 


3b DCMS does not count Error amplifier 
up or down Schematic 2873050 


3c DCMS does not count ADC/DAC Schematic 
up or down 287,3026 


Check error amplifier outpu 
pin Z of Jl. If OK, trouble 
is with Q2 amplifier circuit 
or U1 or U2 amplifier 
circuit. If no signal is 
present, go to step 3c. 

Check manual operation of 
Analog output. Set switches 
for 4095 count, output shod, 
be about +5 volts. Set 
switches for 2048, output 
should be about +2. 5 volts. 
Set the switches to 000, the 
output should be about zero 
volts. If the above test is 
OK, the probable cause is 
in the bridge board. 



7.3.4 


Point Sensor Set-Up and Calibration 


The point sensor is set up at the time of fabrication to signal condition 
unknown capacitors of 5. 5 pf to 7. 5 pf. However, the typical over -range 
limits are 4.5 pf to 8.6 pf. No temperature compensation is required. 


7.3.4. 1 Preparation 

Connect a . 5 pf to 1 1 pf air variable capacitor to DCMS connector J8 and to 

J12. 


7. 3. 4. 2 
1 . 


2 . 

3. 

4. 


5. 

6 . 


7. 

8 . 


Null Balance and Calibration 

Connect the cables from the DCMS test set to J1 and J2 for 
operation of the DCMS Disply Unit. Connect +5 volts to the 
display unit. 

Connect the +28 volt primary supply. 

Apply power. 

Connect an oscilloscope probe to TP 5 on point sensor signal 
conditioner board No. 1, schematic No. 2873041. Refer to 
Point Sensor No, 1 photograph for location of test points 1 thru 6. 
Set the variable capacitor to 5. 5 pf. Adjust quad adjust R7 
and calibrate R8 controls for minimum error output on TP 5. 

Turn the calibrate potentiometer counter clockwise until the 
’M" and "2" lamps on the display unit go out. These lamps are 
located in the lower left corner. If the "l" and "2" lamps were 
already dark, proceed to step 7. 

Very slowly turn the calibrate control clockwise until the "1" 
and ”2" lamps just light. 

Turn the capacitor to 5. 0 pf and push the low simulate pushbutton. 
The "1" and "2" lamp should light. 



9 . Set the capacitor to 6 pf, push the high simulate pushbutton. 

The "1" and "2" lamps should go out. 

10 . All six point sensor signal conditioners are now calibrated to 
indicate 5.5 pf. Schematic 2873044 shows point sensor sign'] 
conditioner No. 2. Test points 1 through 6 for point sensor No. 
2 are shown in Point Sensor No. 2 photograph. 



